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A\ I:KS nsior fiber) 

The iieavcr has a \\ idc distiibutiou the temperate parts of 
Europe and North Aintiica, though Us numbcis are rapidly 
diminishing on account ol the inert iless way in which it has 
Dean hunted down for the sake of its pelt This furnished the 
material from which top- hats and the like were originally made 
Originally dwelling in a simple burrow scooped out in a iiver- 
bank, the animal lias gradually evolved into a skilled architect, 
capable of constructing a dam across the couisc of a stieain, the 
framework consisting of the trunks and branches of trees felled by 
the powerful incisor teeth Upon the dam rounded dw'ellings or 
lodges” of mud are constructed, with opienings well below the 
water level The broad flattened tail is a swimming organ, and is 
not used as a trowel as often stated. 
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NATURAL HISTORY 


NERVOUS SYSTEM AND SENSE- 
ORGANS 

CHAPTER LVII 

CENiiRAL PRINCIPLES— NERVOUS SYSTEMS OF 
INVERTEBRATES AND VERTEBRATES 

GENERAL PRINCIPLES 

Some of the properties of living matter or protoplasm have 
already been pretty fully considered, in sections which may be 
regarded as expansions of part of the brief sketch of Human 
Physiology given in vol. i, pp. 24-59. We have seen that 
protoplasm is a very complex and eminently unstable substance, 
which is continually breaking down into simpler compounds, 
with the result that stored or potential energy is transformed 
into actual or kinetic energy, without which movement and 
other life-manifestations would be impossible. The breaking- 
down process ultimately results in the formation of waste pro- 
ducts, which being physiologically useless are cast out of the 
body. One such product is carlx)nic acid gas or carbon dioxide, 
and a primary object of Breathing or Respiration is to get rid 
of this. But Breathing also includes the taking in of free oxygen, 
without which the breaking down of the complex body-substance 
would not take place at the rate necessarj^ for liberating the 
energy required. We have also seen that the gradual wasting 
of the body associated with the breaking-down process requires 
to be made good; hence the necessity for Food, which is built 
up into fresh protoplasm. In cases where Growth is taking 

Voi« IV. 1 96 



a 


NERVOUS SYSTEM AND SENSE-ORGANS 


place the food taken in must obviously be larger in amount 
than when it is merely a question of compensating for waste. 
By a process of over-growth with subsequent separation from 
the parent-body new individuals are developed, capable of leading 
independent existences, and ultimately giving rise to a further 
generation in their turn. Another very characteristic property 
of protoplasm is Contractility, ue. spontaneous change of shape. 
Hence all the various kinds of Animal Movement, without 
which food could not be secured, enemies escaped, or unfavour- 
able surroundings quitted. 

The present section is an expansion of the last part of the 
brief sketch of Human Physiology already mentioned, i,€, the 
part headed Nervous System and Sense Organs. What these 
are, and why they should exist, cannot be understood without 
reference to another fundamental property of protoplasm, which 
we may broadly term Sensitiveness and Spontaneity, there being, 
unfortunately, no briefer way of putting it. The surroundings 
of an animal are constantly changing; all sorts of external agents 
are continually acting upon it to varying extents; and life wholly 
depends upon successful adjustment or adaptation to this per- 
petually altering Environment. Alternations of day and night, 
succession of seasons, tidal flow and ebb, variations of food- 
supply, the difninution or increase in number of enemies, may 
be taken as examples of changes which have much to do with 
the preservation or extinction of old species and the evolution 
of new ones. That protoplasm is sensitive means that it is not 
inert to its surroundings, but reacts, in ways which tend to the 
preservation of life, to the influences which are constantly affect- 
ing it. If, when you are not looking, someone touches your 
hand with a red-hot poker, the member thus treated is drawn 
back without the exercise of will-power, and immediately after 
a painful sensation is experienced. This practically illustrates 
the fact that human protoplasm is sensitive to one external 
agent, i.e, heat, and the usefulness of reaction is sufficiently 
obvious. If animals were not sensitive to heat many of them 
would very quickly perish in an untimely manner. And a 
little consideration will make it apparent that Sensitiveness to 
a great variety of external agents is absolutely necessary to 
existence. All actions, however, are not the direct results of 
external agents acting for the time being. Protoplasm is sptm- 
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ianeouSy i.e. it perforins actions whicR find their starting '•point 
within the body itself, as in the case of .many voluntary human 
actions. 

Any change in the surroundings which brings the sensitive- 
ness of an organism into play is technically known as a stimulus 
(L. stimulus, an ox-goad), and stimuli may broadly be classified 
as mechanical, chemical, thermal, photic, and electrical. The 
corresponding stimulating agents are pressure, change in chemi- 
cal nature of the surroundings, heat, light, and electricity, which 
are scientifically defined as different forms of energy, or, to use 
the old expression, “force”. Protoplasm, like ever)' other kind 
of matter, may be regarded as made up of excessively minute 
particles or molecules, much too small to be seen with even the 
most powerful microscope, which are in a sta*^e of constant 
vibration, throbbing, or to-and-fro movement. The pendulum 
affords a simple example of vibratory movement Jt may further 
be said that every sort of stimulus is of the nature of a vibra- 
tion, e,g, in a sound-wave transmitted through air the particles 
of air move in a particular way and at a rate depending upon 
the pitch of the sound. All the changes that take place in 
living matter result from modifications in the movement of its 
molecules, but we are profoundly ignorant of what exactly takes 
place when, say, a muscle-fibre contracts or an impulse passes 
along a nerve. The adjustment to surroundings that is necessary 
for the maintenance of life results from these molecular changes 
in the body, which take place in response to the action of 
pressure, heat, light, &c., these themselves being of a vibratory 
nature, as has already been stated. So far as an animal is 
“sensitive” to its surroundings it is comparable to a complex 
musical instrument capable of playing all sorts of tunes with all 
kinds of variations, in response to external influences of different 
kind. The reaction of an animal to its environment at any 
given moment depends upon how external agents are acting 
upon it at that moment: it is they which “call the tune”. If 
the supposed musical instrument could also play tunes of its 
own accord, independently of the direct action of the surround- 
ings, such tunes might be taken to represent the “ spontaneous ” 
actions of an animal. 

That Sensitiveness and Spontaneity, as above defined, are 
essentia] properties of living matter, may best be realized by 
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studying a very simple organism, such as the Proteus Animal- 
cule {Amcebti), which is a particle of comparatively pure proto- 
plasm (fig. 1006). That this creature is sensitive to mechanical 
stimuli is easily proved by tapping the glass slide on which one 
is crawling about under the microscope. The protruding lobes 
of the body (pseudopods) by which creeping is effected will be 
drawn in, and the animal will assume a spherical form (fig. 1006, a). 

A good example of chemical stimu- 
A lation is afforded by the addition of 

1 \ # 2/ weak caustic potash to the 

Vo ) water in which the slug- shaped 

Id ^ ^ species of Amoeba {A. Umax) is 

^ . B y moving along, the reaction consisting 

[ I V / in this case of the protrusion of long 

I ® pointed pseudopods (fig. 1006, b). 

A / ^ -s The same kind of Amoeba reacts in 

I / X'l ^ marked way to changes of tem- 

^ perature (fig. 1006, c). At freezing 

point (0° C.) it is spherical and inert; 

^ as the tem[>crature increases from 

#( o'* C. to 35" C. it moves about with 

[q] Vs y ever-increasing activity; alH)ve this 

*A / the activity gradually diminishes; 

i/ p , and at about 40® C. the animal has 

assumed a spherical form, and dies 
^ condition of “ heat- stiffening ” 
or coagulation. This illustrates very 
well the fact that any particular 
.Mid, Appcaraia. bcfor.a.Kiaw.ppiK««m stiiiiulus hus onlv a Certain ranere of 

of feumulus. bee text ^ o 

action, the range in this case being 
between o C. and 40'’C., which are known as the mmimum 
and maximum points of heat-stimulation for this particular animal. 
Between these two points is an optimum one (35° C. in this 
instance), at which the stimulus exerts its greatest effect by 
way of promoting activity. Light does not appear to affect 
the creeping movements of Amoeba, but is said to check the 


Fig 1006 — Pruteub Animalcules [Amaia). 
much erUrged, showing eftect ol various stimuli. 
1 and 7, Appearaiict before and after application 
of stimulus, bee text 


taking in of food, which process goes on most actively at night 
If a constant current of electricity is passed through the body 
of an Amoeba which is protruding pseudopods in all directions 
it will begin to creep against the current, and all those pseudo- 
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pods will be drawn in which are not at the front end for the 
time being (fig. 1006 d). 

Since a hungry Amoeba creeps actively about for a long 
time we are probably justified in concluding that some of its 
movements are spontaneous, and these are probably initiated 
by chemical changes which take place within its body, and may 
be called internal stimuli. 

NERVOUS SYSTEMS OF INVERTEBRATES 

The Amoeba, like most other animalcules, is a single cell or 
structural unit, which has to discharge all the functions of life, 
and does not exhibit the principle of division of labour to the 
same extent as animals belonging to the higher groups, which 
are collectively termed Metazoa, as contrasted with the Ani- 
malmles or Protozoa. Every member of the former group is 
made up of more or less numerous cells, and may therefore be 
styled a cell-community. It is clear that in such a case ad- 
vantageous adjustment to the surroundings is best secured on 
the principle of division of labour, by which the vital activities 
are shared among the members of the community. Evolution 
on these lines has resulted in the development of Digestive 
Organs, Respiratory Organs, Organs of Movement, &c., the 
complexity of which is very great in some of the higher groups 
of animals. Hence the need for some means of central control, 
some way of correlating the diverse parts of the body, and at 
the same time of adjusting the body to its environment These 
duties are discharged by the Nervous System, with the aid of 
Sense Organs, which keep it in touch with external agents. 
The Sensitiveness and Spontaneity of a Metazoon, in fact, are 
more or less centred in the Nervous System and Sense Organs, 
and this is true to anj?%fcreasing extent as we consider animals 
higher and higher in the scale. At the same time it must not 
be forgotten that every cell in .the body is endowed with all 
the primary properties of protoplasm, though cells specialize as 
it were in different directions, according to the nature of the 
organs of which they form a part. 

Nervous Systems of Zoophytes (Ccelenterata). — The 
members of this primitive group, comprising Freshwater Polypes 
{Hydra), Hydroid Zoophyf^ Jelly-Fish, Sea- Anemones, anfi 
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Corals, correspond to a fairly early stage in the evolution of the 
Metazoa from simple colonies of Protozoa, and furnish us with 
some idea of the way in which nervous systems have arisen. 
Reduced to its simplest terms the body of such an animal is 
practically a living stomach, and is made up of two layers of 
cells — an inner one (endoderm) and an outer one (ectoderm). 
We are here more especially concerned with the outer layer. It 
would appear that the nervous system was first evolved in the 
interest of adjustment to the surroundings, and it is not there- 
fore surprising to find that it has come into existence by modi- 
fication of some of the cells making up the ectoderm, since this 
layer immediately adjoins the outer world. The 
same is also true for the essential parts of all 
the sense-organs. These specialized nervous 
elements are known as nerve-cells or ganglion 
cellsy which constitute so many centres of cor- 
relation and control. A typical cell of the kind 
is star- shaped and possesses a large nucleus, 
but it may also be round or ovoid. In Verte- 
brates, of which our knowledge is considerable, 
it is usual for a nerve -cell to be prolonged 
into a number of branching jprolongations, 
and one nerve -fibre, which may be of very 
great lengfth (fig. 1P07). It is convenient to speak of the cell 
with its extensions as a neuron, and investigation will probably 
show that the neurons of Invertebrates are broadly similar to 
those of Vertebrates, though in many instances our knowledge 
is here very incomplete. It is clear that the nerve-cells need to 
be in communication with the environment, the parts which they 
control or correlate, and other similar cells with which they co- 
operate. This is provided for by the slender extensions of the 
cell-body, which constitute lines of communication. There is 
reason to think that the branching extensions are paths of con- 
duction to the cell, while the nerve fibre is a similar path from 
the cell. It was formerly believed that the neurons in a nervous 
system are united together by their processes into a complicated 
net- work or plexus, but it is now known that in Vertebrates at 
any rate this is not so, though the slender extensions of one 
neuron are closely adjacent to those of others. The same thing 
is probably usually true for Invertebrates. 



Fig. 1007. ~ A Typical 
Nturon, much enlarged. 
AT, Nucleus. N.F., acnro- 
fibru (cut sboit). 
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Although neurons belong to the external cell-layer they do 
not remain at the surface of the body, but sink as it were more 
or less inwards to take up a more sheltered position, leaving to 
Sense-cells the duty of reception of stimuli from external agents. 
In some Jelly-Fish we find cells of the external layer which are 
beginning to sink in to constitute neurons, while others have 
actually done so and acquired at the same time a more specialized 
shape (fig. 1008, a). 

A nervous system of very primitive kind is found in a Sea- 
Anemone, which, leading as it does a sluggish life fixed to some 
firm object, does not ^require any very ela- 
borate correlating mechanism. There is here 
a delicate continuous nerve -layer underlying 
the ectodermal cells that directly adjoin the 
exterior, and made up of innumerable neurons 
of v/bi^h the extensions run in all directions 
(fig. 1008, b). Even in this case, however, 
there is a certain amount of centralization, 
for the nerve-layer is thicker in the upper side 
of the body where the mouth is placed, and 
in the tentacles which fringe this region. 

The free-swimming Jelly-Fish, having more 
complex adjustments to effect with the en- 
vironment than their fixed relatives, possess, 
as might be anticipated, a more centralized 
nervous system. It is true that there is here 
also a continuous nerve-layer in the deeper part of the ectoderm, 
but part of this is concentrated into what may be called a central 
nervous system. This may be either in the form of a double 
nerve-ring placed near the edge of the umbrella, or it may con- 
sist of small masses of neurons placed at regular intervals in the 
same region. 

Nervous Systems of Segmented Worms (Annelida). — The 
members of this group are comparatively complex in structure, 
and possess a well-defined nervous system, that conforms to 
the two-sided or bilateral symmetry of the body. The primi- 
tive nerve-layer in the ectodern> is retained more or less, but 
it is largely superseded by the central nervous system, which 
consists of a nerve- ring surrounding the front end of the diges* 
tive tube, and a double nerve-cord running along near the under 


1 



Fig. too8.— A, Stages b the 
Evolution ol the Neurons of a 
Jelly-Fish, enlarged, n, Plurt 
of the Ncrve-Ijiyer in a Sea- 
Anemone, showuig Neurons, en- 
larged 
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side of the body (fig. 1009). In the lower Annelids this system 
is closely connected with the ectoderm or outer layer of the 
skin, but in the more specialized members of the group it has 
sunk within the muscular layers of the body-wall, where it is 
much better protected. Connected with these central organs 
are a large number of slender nerves, that come into intimate 
relation with the various organs of the body, and are made up 
of excessively minute nerve-fibres which are prolongations of 
the nerve-cells. On the upper side of the nerve-ring are two 
little swellings, that may be regarded as an incipient brain or 

chief central organ, and are technically 
known as ganglia. A ganglion is a 
thickened part of a nerve -cord, where 
nerve-cells are concentrated as a result of 
evolution along centralizing lines. The 
ventral cord swells into a pair of ganglia 
in each segment of the trunk, for which 
they act as controlling organs. In such 
a form as the Earth-Worm the ganglia 
are not very distinct, and nerve-cells are 
scattered throughout the whole of the 
central nervous system, but in the free- 
living Bristle-Worms and Leeches con- 
centration of nerve-cells has taken place 
to a much greater extent, and the ganglia are clearly marked. 
The relations of these active forms to their surroundings are com- 
paratively complex; hence greater concentration of nerve-cells with 
increased efficiency of the nervous system. The complex nature 
of the neurons will be gathered from fig. 1010, which represents 
a few of them in part of the ventral cord of an Earth-Worm. 

The front end of a bilaterally symmetrical animal, such as a 
segmented worm, is more subject to the action of external agents 
than the rest of the body, and becomes specialized into a head^ 
in which the most important part of the nervous system, Le, 
the brain, and the chief organs of sense are located. Even in 
a segmented worm we are justified in considering the braiA as 
the highest part of the nervous system, because «t is the chief 
centre of correlation and administration. Voluntary action, con- 
sciousness or awareness of existence, sensation, and intelligence, 
so far as these exist in so lowly an animal, are dependent upon 



Kf. 1009. — Front Part of the Central 
Mervous STStem of an Larth Worm, en- 
hried Head-lobe. JV/r.Mde of 

acrre-eu^, V , visceral or sympathetic 
aenrei; VC., ventral cord, giving off 
Bcrvei, and swollen into indistinct ganglu 
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it. That this is so in the common earth-worm we know from 
the fact that the mole stores up these imfortunate creatures as 


a sort of living larder, having pre- 
viously bitten off the front ends of 
their bodies, and consequently re- 
moved such brains as they possess. 
This does not destroy life, but pre- 
vents the victims from crawling away. 
The ventral nerve-cord is subordi- 
nate to the brain, but exerts a con- 
siderable amount of independent con- 
trol, each pair of ganglia dominating 
the ring or segment to which it be- 
longs. To these collections of nerve- 
cells are due what are technically 
known as reflex actions, which are 
quite independent of will. We may 
instructively consider one common 
sort of reflex action which manifests 
itself in muscular movement. If the 
skin of one of the segments is stimu- 
lated mechanically, chemically, or 
otherwise, some amount of contrac- 



Fig loio "Diagram of part of the Vcnlrml 
Coni of an Eaith*Worm, showing a few Neurons, 
enlarged, llie two arrows (on the right) indicate 
the direction of nervc'impulse*. t. Nerve-roots; 
a, afferent nerve-fibres; 3, efferent ner\’e-fibres; 
4, a neuron, of which the branches extend througli 
three segments 


tion in the muscle of the body-wall immediately follows. For 


the performance of this or any other reflex action three nervous 
elements are requisite: (i) a n^rve-centre consisting of one or 
more, usually of several, nerve-cells, which 
in the latter case co-operate with one an- 
other; (2) one or more nerve-fibres consti- 
tuting an afferent tract carrying impulses to 
the nerve-centre from sensitive ectodermal 
cells which have been acted upon by the 
mechanical, chemical, or other stimulus; Action. s^^sSmuiu*. s!a. 



and (3) one or more nerve-fibres forming 
an efferent tract carrying impulses from 
the nerve-centre to the executive structures 


Miise-organ; aff.iu, afferent nerve; 
N.C., nerve-centre; eff.n., efferent 
nerve. Direction of nerve -impulaa 
indicated by arrows. 


which perform the reflex action, these being muscle-fibres in the 
supposed (fig. 1011). Even in ourselves many actions are 
of reflex nature, e.g. the involuntory withdrawal of the hand from 
a red-hot substance as described on an earlier page (p. 2). 
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It has already been stated that one of the duties of a nervous 
system is to correlate the organs of the body itself, and even in 
an earth-worm there is a special arrangement for controlling the 
digestive organs, and consisting of nerves which run from tht 
sides of the nerve-ring to the gut. and branch out in a complex 
way, the branches swelling here and there into extremely minute 
ganglia. This arrangement is called the visceral nervous system, 
and, like the ventral cord, is subject to the control of the brain. 

Before leaving segmented worms one feature in the nerve- 
cord is deserving of notice. It is distinctly of double nature, and 
in some cases its two longitudinal halves 
are widely separated (fig. 1012). In the 
evolution of this type of nervous system it 
is probable that each side of the body de- 
veloped and was regelated by its own longi- 
tudinal nerve-cord, and this is actually the 
arrangement found in the curious unseg- 
mented forms known as Neniertine Worms. 
Though these constitute a special group 
quite distinct from Annelids, they are de- 
scended from common ancestors, some of 
the primitive characters of which they have 
Fif. loia -Front Part of Cen- probably retained, one being the possession 
ToTih^^ of a strong lateral nerve on either side, in- 
stead of a double ventral cord (fig. 1013). 
lotMhCT but not fiucd NR, Such an arrangement is not a desirable one, 
for it means imperfect correlation between 
right and left sides of the body. The ventral cord of an Annelid 
has quite likely been derived from lateral cords of the kind, which 
have migrated downwards and come into more or less intimate 
relation with one another in the interests of centralization. 

Nervous Systems of Jointed- Limbed Invertebrates (Arthro- 
poda). — There can be little doubt that the members of this huge 
group have sprung from ancestors which resembled Annelids in 


many respects. But they have specialized in various ways, partly 
as the result of centralizing tendencies which have resulted in 
increased complexity of structure, associated with i^ery perfect 
adjustment to surroundings. The body, instead of being greatly 
elongated and made up of a large number of rings or segments, 
is comparatively short, and composed of relatively few segments 
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In the higher members of the group, e,g, lobsters and insects, the 
segments in front have fused into a well-developed head, followed 
by a thorax, to constitute which other segments have coalesced, 
>vhile this is succeeded by an abdomen, where the amount of union 
of segments varies greatly in different cases. These three suc- 
cessive regions of the body differ greatly from one another as to 
size and shape, and may undergo further fusion. Thus, in a 



Fig 1013 — Diagrams to illustrate Structure of a Nemertine Wonn, represented as a transparent object 
A , Side view, b., front end, seen from abo\e. c , cross section 


Lobster, head and thorax are welded together, and in a Spider 
not only is this so, but the abdominal segments have closely united 
into a rounded mass. 

The nervous system of an Arthropod, like that of an Annelid, 
consists of nerve-ring and double ventral nerve-cord, but the 
ganglia are better developed, and in the higher members of the 
group they are more or less iused together into larger nerve- 
masses, just as the segments to which they belong are similarly 
United. There is, in other words, an increasing amount of cen- 
tralization in the nervous system as we pass from lower to higher 
forms in any subdivision of the Arthropods. And this is clearly 
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advantageous in regard to correlation of the different parts of the 
body, and adaptation to the environment It may also be noted 
that while in many lower Arthropo Is the two halves of the ventral 
cord are more or less separate, they are intimately united together 
in higher forms. 

Nervous Systems of Crustaceans [Crustacea ). — Successive 
stages of fusion in the nervous system may be illustrated by 
comparison of Apus, Crayfish, and Crab. In the first of these, 
which is one of the lower forms, there is a 
nerve-ring with clearly- marked brain, and 
a ventral cord of which the two halves are 
widely separate (fig. 1014). The brain of a 
typical Annelid, such as the Sea-Centipede 
[Nereis\ is lodged in a head-lobe (prosto- 
mium) that forms the front of the head and 
overhangs the mouth, and it supplies with 
nerves the eyes and feelers which are borne 
upon this lobe (fig. 1014). The brain of 
Apus is placed in a corresponding position, 
and is in the main equivalent to that of 
Nereis, though probably not entirely so. ^ A 
Crustacean possesses two pairs of feelers 
(antennul^ and antennae) situated in front 
of the mouth, but most likely their original 
position was behind that aperture, and they 
have shifted forwards into a position more 
suitable for the work they have to perform, 
by way of exploring the surroundings. 
These two pairs of feelers belong to two 
segments of the head, each of which is provided with a cor- 
responding pair of ganglia. In Apus those of the segment to 
which the antennae belong are the first pair of the ventral cord 
(see figure), but the nerve for each front feeler or antennule arises 
from the side of the nerve-ring, and can be traced into the brain. 
This-is intelligible if we suppose that organ to be equivalent to the 
brain of an Annelid, plus the ganglia supplying the aiitennules, 
which have shifted forwards along the sides of the nerve-ring. If 
this view be correct, a certain amount of fusion and centralization 
has taken place at the front end of the nervous system in Apus, as 
compared with an Annelid. But it is here necessary to state that 



Fig 10 * 4 - — Front Part of the 
Ceatnl Nervous Sysicm of Apus, 
nbrged 


G , Place where gullet vxins 
timwfh aerve-nujf Gn.t~Gm.^ 
|ui^ia of one half of ventral cord. 
Op n. Ant I, Ant a, Md , Mjt t, 
Hx 9, 74/ /, nerves to eyes, anten- 
rales, antenMC, mandibles, first and 
wcood maxilhe, and first thoracic 
feet, y., visceral nervous system. 
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some authorities hold a different view as to the antennules, be- 
lieving that these have always been situated in front of the mouth, 
and are in reality outgrowths from the head-lobe. If so they are 
comparable to the sensitive palps on the head of a Nereis, and 
the brain of Apus is strictly equivalent to the brain of an Annelid. 
We shall assume here the truth of the first 
view, as the balance of evidence is in its favour. 

The body of Apus is made up of a com- 
paratively large number of segments, while in 
Crayfish and Crab, as in all members of the 
highly-oiganized group (Decapoda) to which 
they belong, there are relatively few, Le, 
twenty, so far as can be definitely made out. 

Five belong to the Head, eight to the Thorax, 
and seven to the Abdomen, each with a pair 
of ganglia and, except the last, provided with 
a pair of limbs. The nervous system of the 
Crayfish has undergone a certain amount of 
fusion and centralization (fig. 1015). The brain 
is larger and more complex than that of Apus, 
and it supplies not only the first but also the 
second feelers, the ganglia corresponding to 
which have shifted along the nerve-ring. Even 
greater fusion has taken place at the front end 
of the ventral cord, where there is a large 
ventral ganglion, which has resulted from the 
union of the last three pairs of head-ganglia 
.(supplying the ^hree pairs of jaws), and the 
three first pairs of thoracic ganglia (supplying 
the three pairs of foot-jaws). It is interesting 
to notice that the third thoracic ganglia are 
caught as it were in the act of uniting with 
those in front of them. The las*^ five pairs of 
thoracic ganglia (supplying pincers and walking-legs) are clearly 
defined, although by reference to the figure it will be seen that 
the last two are beginning to unite, wi. just in front of this 
the doubleness of the cord is practically demonstrated by the 
fact that its two halves diverge, for the passage of an artery 
which runs vertically downwards from the heart to supply the 
ventral region of the body. The first five pairs of aMominal 




Fig 1015 ^Central Nervous 
System of Crayfish 

G t Gullet (in cross sec 
bon). Br ^ brain. NR , side 
of nerve nng, V G , ventral 
ganglion. ganglia of 

third to eighth thoracic »eg 
meots, 1-7, ganglia of ab- 
dominal segments X" A and 
VP ^ antcnor and postenor 
visceral nerves 
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ganglia are quite distinct, and smaller than those of the thoracic 
region, in correspondence with the .relatively small size of their 
segments. But the last two pairs have united into a somewhat 
larger nerve-mass, which supplies the last two segments of the 
body, that include the large tail-fin. It has been shown by ex- 
periment that the brain of the Crayfish is the dominating centre 
of the nervous sjrstem, while the remaining nerve -masses are 
centres of reflex action for the segments which they supply. 

Turning now to the Crab, in which the head and thorax are 
relatively short and broad, and the abdomen insignificant, the 
brain is comparable to that of a Crayfish, but 
all the ganglia of the short ventral cord have 
fused together into a single mass, placed near 
the under side of the thorax, and perforated by 
the artery which runs down from the heart (fig. 
1016). 

In all the three Crustaceans described there 
is a visceral nervous system, the roots of which 
are indicated in the figures. 

Nervous Systems oj Air-breathing Arthro- 
pods {Tracheata ). — Comparison of Peripatus, 
Myriapods, Arachnids, and Insects will show 
that the same lines are followed as in Crus- 
taceans. In the less-specialized forms, where 
the body is elongated and there has been but 
little fusion between segments, the nervous system is very like 
that of an Annelid. But in cases where the body is compara- 
tively short and much fusion has taken place, the nervous system 
is concentrated to a corresponding degree. 

We have already had occasion to see that Peripatus is the 
most primitive of all living air-breathing Arthropods, and has 
the closest affinity to Annelids. This view is fully borne out by 
examination of the nervous system. The upper side of the nerve- 
ring is swollen into a relatively large brain, and the two halves 
of the ventral cord are widely separate, though united by numerous 
transverse bands of nerve-fibres. The outer part of each cord, 
through its entire extent, contains numerous nerve-cells, and these 
are not aggregated into well-marked ganglia (fig. 1017). 

M)rriapods, such as ordinary Centipedes and Millipedes, are 
rather more specialized than Peripatus, and possess a well-marked 



1016 — Central Ner* 
vou* Sjrticm of a Crab fhe 
brain ftmns the thickciMd front 
cod of the oervc-nog. while 
the laife motral ganglion is 
aoen behind, with numeroui 
radiating nerres. 
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head, although there is no distinction between thorax and ab- 
domen. The central nervous system consists of the usual nerve- 
ring and double ventral cord, and well-developed ganglia arc 
present, between which the two halves of the cord commonly 
remain distinct (fig. ioi8). In Centipedes there is a certain amount 
of fusion between the ganglia at the front end of the cord, the 
region from which spring the nerves of the three pairs of jaws, 
and also those of the poison-claws. 



Fig 1017.— Diasecuon of Penpal u% from 
the upper side, to show Central Nervous 
S>%tem. I.A., Intesunal aperture 



Fig 1018 — Dissccti >p of T Centipede {Lithobius) 
from above, enlarged 


In regard to Arachnids, it will be sufficient for our present 
purpose to renjark that the relation between the nervous system of 
an elongated form, such as a Scorpion, with that of a shortened 
form, such as a Spider or Mite, is much like that existing between 
a Crayfish and a Crab (p. 14). For in a Scoi^ion many of the 
pairs of ganglia of the ventral cord rei 'in distinct, though there 
is a good deal of fusion between those at its front end, while 
in a Spider or Mite all the ganglia of the cord have consolidated 
into a single nerve-mass. 

Among the Insects, again, we find the same o'it.fiolps exem- 
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plified. Some of the simpler forms possess a nervous system very 
much like that of a short Centipede, and from this condition all 
degrees of fusion and concentration are found, the maximum being 
reached where all the ganglia of the ventral cord have united into 
a single nerve-mass, precisely as in Crabs and Spiders. Three 
such stages, as exemplified by a Termite, a Water- Beetle, and a 
Fly, are represented in fig. 1019. In those insects which begin life 
as larvae, it commonly happens that in this early stage of life the 
nervous system is simpler than in the adult, exhibiting less fusion 
and concentration. This is exemplified by comparison of a cater- 
pillar with the butterfly or moth 
which it becomes, or a bee-grub 
with an adult bee. Cases are 
known, however, where the ner- 
vous system is condensed both 
in larva and adult, e.g. the 
House-Fly and its allies {Mus- 
cid(r). A curious reversal of 
the ordinary state of things is 
found in the Ant-Lion [Afyr- 
meleo), for here the nervous 
system of the relatively short 
and squat larva is more con- 
centrated than that of the elon- 
gated adult. That this should be so i:y probably not merely due 
to diffidence in shape, for the complex habits of the rapacious 
larva involve elahorat^^* adjustments to the surroundings, which 
need an f-fiicient and centralized nervous system for their proper 
performance (see vul. ii, p. iii). So far as we know, the life of 
T* ' adult is relatively simjile. 

It remains to he add^^d that all the air-breathing Arthropods 
[ ssess 1 visceral nerv >us system, which may attain considerable 
complexity, and takes ( «‘;in from the iicrve-ring. 

Nervous Systems ^ , Molluscs (Mollusca). — The least con- 
centrated type of nervf a*’- system is found, as might be expected, 
among some of the Primitive Molluscs (Amphineura). The 
central nervous system of a Mail-Shell (CAi/on), for instance, 
consists of a nerve-ring from which four thick nerves run back 
(fig. 1020). Two of these are pedal cords y that traverse the 
substance of the muscular foot, while the others are Ic^tral cords 





Fig. 1019. — Central Nersous Systems of a Termite 
{Tsrmts, a), a Water- Beetle Dyttuus, b , and a Blow- 
Fly ( VuscAf c), to illustrate '.tage-* tn conceiUraiion. 6, 
bnuo. #, eye; v, ventral ganglion 
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placed at a higher level, and uniting with one another behind 
above the intestine. The nerve-cells are distributed pretty uni- 
formly throughout both ring and cords, 
in the course of which are no distinct f 

ganglia. The pharynx with its rasping 
organ receives branches from the nerve- 
ring, which do swell into small ganglia, 
and this is also the case with a pair of Wt i § 

nerves running from the lateral cords to ^ 

the under side of the stomach (see figure). / S 
In this sluggish animal digestion is the 
dominant function, and that is possibly 
whv the only distinct ganglia in the ner- _ . 

* ' ^ " Fig 1090 . — A Mail-Shell [Ckttort) clis- 

vous system are related to the digestive “ctpd from above, to show central Ner- 
organs. The visceral nervous system con- 

sibts in this case ot (i) the nerves which ^^.'>«'’eriiig.ec.,i>«daicord,i.c.. 

' , ' lateral cord: St , stomach nerve passing 

run from the nerve-nng to the pharynx, hack to pair of gastric gangim: r., part 

1 Visceral nervous system 

(2) the lateral cords and their branches. 

Passing from a simple form like the Mail-Shell to those which 
are more specialized, we shall find that a.9 we ascend the scale 
to higher and higher types the nervous system becomes more 
and more centralized, in the same sort of way 
as in Arthropods. The nerve-cells are no 
longer scattered throughout the central ner- \ lA 

vous System, but are collected into definite 
ganglia, of which the most important are 
thickenings of the aerve-ring. This is very 
well seen in Snails and Slugs (Gastropoda), 
a vast number of which present a similar 
arrangement to that represented in fig. 1021 T \ 

for the River-Snail {PcUudinaX In the middle 

of the figure is seen the nerve-ring, which is Fig. 1021. —Central Nervous 
thickened into three distinct pairs of ganglia 
— (i) brain-ganglia above, (2) side -ganglia 
laterally (dotted in the figure), and (3) foot- the so called ear, 
ganglia below. The brain-ganglia, as shi \ n 
at the top of the figure, give origin to a cord that supplies the 
pharynx, and swells into a pair of small ganglia from which nerves 
run to the pharynx. This is part of the visceral nervous system, 
the test of it consisting of a nerve-loop by means of which the 


Fig. 1021. —Central Nervous 
System of a River-Snail {Palu- 
dma), enlarged See text The 
Circles chaded In the centre and 
connected w ith tlic pedal ganglia 
arc the so-called " ear, " {Ot^- 
cysts) 
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two side oan^lia arc connected tojjcihfr, and in the rouisc of 
which are three ^ani^lia suppl>in^ nianv of the organs of the 

I txly As in all Gastropcxls, the 
^ ® upper put ot the body gf the Kivci 

f -p/i Snnl h IS lx en subjected to a son 

j of twisting pioccss IS the spiral 

h shell sin Sts ind this has lift cud 

^ ^ the IK rv loop miking it ^ sh ip( d 

s -^SDL ^hinvn in tic h^urc Ilm well 

s[rc di/ccl ( c ntr il nervous svsu in i 
, , is-^( e itcd with the preseiui ol i 

r ^ — Cp trjl N** \ru% Sv ^ 1 n 1 • 

^ ' cl( uK vi( hn( cl heaci while )usi ihc 

criUiuv IS the case in i Mill Shell 
It \ «• ( lUi il / ilion his taken piui to i 

S, V ^ * Mil n lU r c \tc lit in some of the 

^ I * h s ^ \r ( j is r )| 1 ^ in th« I’ >11 I Sn ul 

[/ i } u d C I ii k 1 Sii il (// I 

a />6 » a 1022 ) wh t( till iH 1 1 < ) wl uh \u^i his n i 

beMi mill nee (1 b\ the iwistiii >1 Mi >1 is > sh >rl M it 
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F t r aj e c ir I Nervous Svste o f C tile Fish 
pi i M*t.n fr n lie riijl l s dr 


til I li 1 lie lo c I\ pi I \1 

11 ) ( lU 1 lOlh( 111 1 1 ) 

tl < ‘ ui^h I ind sid( M III 

(til live rin^ 

1> ili m Hi\ live Molluse (I i 
m G i 1 M ) uul 1 usk She 11s 
( "^1 i| [ id i) the nerxe^Lis s\ sU m 
fe h )\ the tV]K dcseribed foi 
(iisti I >d, but IS less conee n 
tr lie el uid the br im inoha .ire 
lelituel) small which ma> be 
coircliud with the absence of 
any definite hcaei in the foinier 
• 4 roup inel its imperfect clcvelop- 
me nt in the latter 

^mon^ the Head booted Mol 


( a c,lia V nerve // ( ph rvigeal r 
buc »1 g .1 gl a OipA V onplira lial i ervt f waltr 
le<it ng organ C i// radiiir / 


lines (Ce'phalopoda) variotis ele- 
^lees of concentration are found, 


dx re brini^ the least amount of 
this m the Pearly Nautilus, which is a primitive anel isolated 
tvpe, while in the active ( utile 1 ishes Sepiids and Oetopi ce n 
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tralization is at a maximum. The Common Cuttle-Fish {Sepia 
officinalis, fig. 1023) possesses a nerve-ring of which the ganglia 
are exceedingly large and closely connected. In one respect the 
nerve-ring is less complex than that of the Garden-Snail, for it 
here includes two only of the three ganglia of the nerve-looi). 
which is long, distinct, and, like the body, not tw^isted. The 
nerve-ring of Cephalopods is more or less enclosed in a gristh’ 
case, serving as a sort of skull. 


NKRVOUS SYSTEMS OF BACKBONED ANIMALS 
(Vl-KlI-BKATA) 

The nervous system attains its maximum complexity in back- 
boned animals, especially in the highest Mammals. The chief 
jxirt of the central organs consist*^ of a tube, which is placed 
near the uppet side of the body, and in all but the lowest 
members of the group is sheltered within a skull and backbone. 
'The front end of this nerve- tube is usually swollen into a brain, 
which is the chief organ of correlation and adjustment, while 
the rest of it is known as the spinal ^ord or spinal marrow. 
1 he central structures also include a visceral, or, as it is here 
usually called, a sympathetic nervous system, which where best 
devclofxjd consists of a couple of cords running longitudinally near 
the under side of the backbone, and swelling at intervals into 
sympathetic ganglia. Besides these thenj are outl;>ing ganglia 
of similar nature in close connection with some of die internal 
organs, and connected with the cords just mentioned. 

The body (;f a V^ertebrate is undoubtedly made up of rings 
or segments, and although this is not at first sight apparent, the 
serial arrangement of certain structures shows it to be the case. 
We find, for example, that a regular succession of spinal ner\'es 
is given off from the spinal cord, one pair to each segmt*nt. 
From the brain arise from 10 to 12 pairs of cranial nerves, the 
number of which, however, docs not tell us how many segments 
are fused to form the head. The number would be a guide if 
cranial nerves were precisely equivale’ ^ to spinal nerves, but 
this does not appear to be the case. While on the one hand 
some of them are complex, and equivalent to more than one 
pair of spinal nerves, others are only comparable to bits of 
such nerves, so to speak. The sympathetic system is closely 
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connected with the brain and spinal cord, to which it is sub- 
ordinate, and its nerves branch out in the organs of digestion, 
circulation, &c. A few further details have already been given 
with regard to the nervous system of Man (see vol. i, p. 49). 

It was stated at the commencement of this section that the 
essential elements of the nervous system, i.e, the neurons, are 
derived from the ectoderm or outer cell-layer. Considering 
that brain anti spinal cord are far removed from the surface, 
while the body is traversed in all directions by nerves, it seems 

very difficult to believe 
such a statement, but the 
study of development 
shows that there is no 
doubt at all about the 
matter. 

At a comparatively 
early stage in the de- 
velopment of an embryo 
part of the ectoderm 
covering the upper sur- 
face thickens into a nerve- 
plate, which sinks below 
the surface, and at the 
same time folds up to 
constitute the nerve-tube. 
The details for the Lance- 
lot have already been given (vol. iii, p. 345), but in that animal 
the nerve-plate sinks below the surface before it is completely 
folded into a tube, while in average cases the two processes go 
on simultaneously, as will be gathered from fig. 1024. 

The walls of the nerve-tube thicken, and by a process of 
unequal growth the spinal cord and the various regions of the 
brain come into existence. The rest of the nervous system 
grmpiiirmt frnjji thr nerve-tube, the spinal nerves grow out 
the parts of the body which they supply. 
I| therefore '^fi^^that these and the other nerves, as well as 
the sympathetic'^s^^^, are really ingrowths from the ectoderm 
or outeji^ vcell -layer! ^Aough in the adult they are far removed 
from , the j * i| 

T of V 1 ^^|brates. — At first sight the brains of Fishes, 





Fig. t034.— l^evelopment of Central Kerroua System in a 
VrrtebRUe Fmbryn, dugrammatic 

A. Upper *i<i** of embryo, showing foUling-vp of tlm Darre-pfaue. 
a, c, and D, 'tiges in folding up of nerve-pUte, » seen in cn»a- 
•ections through upper part of a. taken at levcb t-i, a-a, and 3-j: 
• nrrve-groo^e. n/*, nerrc'folds, nervo-tube. 
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Amphibians, Reptiles, Birds, and Mammals look so extremely 
unlike that comparison seems hopeless, but such an idea is soon 


dispelled by a study of de 
velopment, which is the key 
to the whole matter. What 
takes place is broadly as fol- 
lows (fi^. 1025). The front 
end of the nerve-tube ^rows 
rapidly, and divides into three 
successive swellings, which 
we may term the bore-, Mid-, 
and Hind - Brains. These 
three original swellings are 
converted into the central 
part cr of the adult 

brain, the front part of which 
is called the ’Twixt- Brain, and 
the hind part the Medulla 
Oblongata or Spinal Bulb 
(continuous behind with the 
Spinal Cord), while the roof 



;*v 

Fic foa^ — Development of Vertebrate Brain, as seen in 
I I citiidin^l •section diagrammatic 


A Brain and spinal cord it early stage B, brain at later 
stage enclosed in br iin case ihe floor of which is shaded with 
oblique lines J , M , H , S/ C , fore mid , and hind braini, 
and <>pinal cord T B , twixt brain, C H cerebral heniisphercs, 
01 f olfactory lobe projecting into nasal capcule, Pn and Py , 
pineal and pituitary bodies O L , optic lobes M O medulla 
oblongata Cb ercbellum N N , notochord 11 optic nerve 


of the middle section is thickened 



Fig 10^6 Brains of Trout A Frog n), and Dog c), sec irom above, and drawn s.ame length 


01 f Olfattory lobes ( If cerebral he mis be res C / is a cleft between them in u P, twixt brain /'n , pineal 
body O Z, , optic lobes Ci* , cerebellum 1/ , medulla obiciigata -jV , iV , A , cranial neia cs n spinal nervei 


iiUo a pair of swellinjrs known as Optic Lobes, each of which, 
in Mammals only, is divided into two smaller projections by a 
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transverse i>roo\'e. 'I'he differences between various classes of 
\'ertehrates mainly depend upon the relative size and structure 
of certain outi^rowths from the axis, the position of which will 
be realized by reference to 1026. From the 'twixt-brain two 
lobes orow out, which become the Cerebral Hemispheres (re- 
presented in sonn Fishes by a sint^le lobe), from the front end 
of which sprini> (htdotory Lobes, related to the organs of smell. 
An unpaired oluj; row tli. tiu* (.'ead^ellum, arises from the upper 
side of ihe hind-brain. In Birds and Mammals the Cerebral 

} i emisphercs and C erelxdl u m 
are of such great relative si/e 
that they largely overlap and 
conce.il the central axis. That 
the brain should b(‘ made uj) of 
so many f>arts is a result of the 
division of physiological labour, 
these different parts sharing 
betw'een them the work that has 
to be done. Thf‘ most respon 
sible duties arc vesU'd in tln^ 
Cerebral HemisjihtTcs, to which 
all the other regions ani sub 
ordinate. T1 h‘ other regions 
of the brain, the spinal cord, 
and the sympathetic system, all 
have important shares in the 
work ol the nervous system, but 
all are subsidiary to the cerebral hemispheres, which exercise' 
supreme control over the body at large, and are the chief centn's 
of correlation and adjustment. And l^»ides this, consciousness, 
sensation, will, and intelligence are dependent upon them. As 
we ascend the scale among the Vertebrates we shall find the 
hemispheres getting relatively larger and mcirc' comjik'x, as 
the expression 01 a centralizing tendency (fig. 1026). There 
i.s also a great dca. of division of labour between the parts 
of the hemispheres themselves, and their highest duties ap- 
pear to be discharged by what is known as the cerebral 
cortex, an external layer of nerve-cells. In all the higher 
Mammals the extent of this cortex is more or less increased 
by the presence of winding furrows, resulting from a process 



Fig J5 j 7— CercSnl H ■mK.pfw n ■, oi sfcu fr itj 

above A. C’cft betueen Htn.aphi ^ i h n\»li 
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of folding or convolution. These attain their maximum com- 
plication in the human subject, where also the hemispheres are 
of relatively enormous size (fig. 1027). The amount of convolu- 
tion is related to the intelligence of • the particular species, but 
hasty deductions must be avoided, since they are also propor- 
tionate to the bulk of the body. Some of the most brilliant 
advances in modern surgery arc due to the discovery that the 
cerebral cortex is divided into 
nerve-centres, some of which arc 
concerned with sight, hearing, 
and other special sen.sations, while 
others again control definite sec- 
tions of the muscular system 
But so far it has not been found 
possible to locate the higher 
mental functions, such, for ex- 
ample, as memory. The Cere- 
bellum also possesses a very CompUx Neuron from cortex olHumnn 

complicatecf cortex. As might be 

expected, the minute structure of the bnan in a higher Mammal 
is most remarkably complex. Details would be out of place 
here, but fig. 1028, which represents one of the most specialized 
neurons from the cortex, will suggest rhe elaboration which 
exists, bearing in mind that the number of neurons in the brain 
is enormous. And it is particularly interesting lu know that, 
as recent investigations have proved, these ultimate elements of 
the nervous system maintain themselves during the entire life 
of the animal. There are not successive crops of nerve-cells 
as once supposed. \\ ere thi*^ the case, indeed, such things as 
memory* ^^ould be almost unintelligible. 




CHAPTER LVIII 

SENSE-ORGANS OF INVERTEBRATES AND VERTEBRATES 


Sense-organs are the intermediaries between the nervous 
system and the environment, and essentially consist of ecto- 
derm cells (end-organs) capable of being influenced by external 
agents or stimuli. The stimulation of a sense-organ may be 
immediately followed by a reflex action, or it may lead to a 
voluntary action, and it is commonly associated, in higher animals 
at least, with what is technically termed a sensation^ ue. an 
awareness of something in the surroundings. Supposing that in 
ourselves a light is suddenly flashed in the eyes when it is night. 
The eye is first affected, then the optic nerve, and then some of 
the nerve-cells in the brain. It is not till these last are brought 
into operation that we “see a light”, and by comparison with 
past experiences are put into possession of a piece of informa- 
tion about our surroundings. It must be added, that besides 
special sensations, such as those of hearing, sight, &c., there 
are others of obscurer nature, which tell us something about the 
state of the body itself, and are known as organic sensations. 
Such are feelings of hunger, discomfort, &c., which, though of 
great importance for the well-being of the body, since they often 
guide to actions, eg. feeding, which conduce to its welfare, will 
not be considered here, since they are not related to special 
sense-organs. Nor will reference be made to the ‘‘ muscular 
sense ”, by which muscular efforts are gauged. 

It will be convenient to place the subject-matter of the 
present chapter under the time-honoured headings of Touch, 
Taste, Smell, Hearing, and Sight, for it is by means of sen- 
sations which can be broadly classified in this way that we 
derive most of our knowledge of surroundings. But many of 
the lower animals possess sense-organs of which we can only 
conjecture the use, and the stimulation of which must result in 
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sensations of which we can form little if any idea. And even 
when with reasonable certainty we can correlate sense-organs 
possessed by such animals with some of our own, it by no means 
follows that the range of a given sensation is the same for one 
of them as for ourselves. As regards hearing, for example, 
there is reason to think that some animals can hear sounds which 
are pitched much higher than any by which we are affected; nor 
is this very surprising when we reflect that the range of hearing 
is not the same in all human beings. Many persons, for example, 
cannot hear the high and piercing sounds made by Bats. These 
remarks are made as a warning against applying the results of 
human physiology to lower animals with too great assurance. 

TOUCH 

Uiiuuubtedly the most primitive of all the senses is that of 
Touch, and we may broadly state that the skin is the Tactile 
Organ, remembering that its outer layer, commonly known as 
the epidermis, is no other than the ectoderm or outer cell-layer 
of the embryo. We must also include here the cellular lining 
of the mouth-cavity and, when such exist, the nasal cavities. 


B 



Fig 1020 Tictilt <^>rguis A, Cells from the tctodtnn of y. Set Antiuone ( 4c/tma r a tfuch cell, th outer 
end produLcd into t .tiff pro css St , stinging cell with srnsimc trigger Inir [fr) 6/, gluidularccU H, head of 
a l-reshviater Annelid I oktvnllt atmntx^ seen fioin ibovc, iiid show.ng epidermi:. in upticil seUicn, enlaiged 
r tactile proce<i^es r f some of the epidcnnic cells, which arc coniiniiotis intcnnll> with nerve fibre 

since these have been developed as in-pushings of the ectoderm. 
The external agents of stimuli W'ich by their action upon the 
skin evoke sensations of touch are of two sorts. There are, in 
the first place, mechanical agents, such as contact or pressure, 
and, in the second place, heat-rays. The sensations which result 
are respective!) known as haptic and thermal. 
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cells of the kind 



Fi? - Tirfile ni? 

grcaliy ' nl.ir^co «'.i ih-. a i;;ruup of 

su<.h sinicttirt'., aad on t;it Ictt a tiiutflt one, 
in action 


Single epidermal cells or groups of such cells are specialized 
for the reception of stimuli leading to sensations of touch, but 
in such forms as Coclentcratcs and Annelids many scattered 
probably minister to other senses besides 
that of touch. And it must be re- 
membered that even the special sense- 
cells of hearing and sight are derived 
from the skin, which is in fact tlu‘ 
primitive sense-organ. Cells which are 
regarded as tactile, from some of llu; 
lowest animals, are represented in lig. 
1029. 

The firm external cf)vering with 
w'hich the bodies of Ailluo[)()ds cire 
clothed is naturally a hindrance to the 
reception of stimuli by the underlv Ing 
ejadermis. The difficulty is gut over 
by the existence of little pores ii] 
hard investment. Under each pore is an enlarged st'nse-cell, 
placed at the base of a stilf tactile bristle, with which e\ternal 
bodies come into contact (fig. 1030). 

In aquatic Vertebrates the sense-cells of the skin .ire in direct 
contact with the surrounding medium, although they arc not 

infrecjucntly [)rotecte(l l)y being 
lodged in pits, grooves. v.)r canals 
which open at intervals to the ex- 
terior. but in terrestrial \\:rte- 
brates there are special end-organs 
of touch whicli havtj sunk below the 
epidermis, though they remain suf- 
ficiently near to the surface to be 
stimulated when the body comes into 
cr)ntact with surrounding objects. 
Such are the groups of touch -c<ir- 
puscles which are to be found in the skin of the Frog, and 
around the edge of the Duck’s \)iU (fig. 1031). The hitler animal 
feeds upon small worms, &c., which live in the mud that is 
strained through its bill, and such special arrangements are 
clearly necessary to aid in the di.scrimination between what is 
edible and what is not. Another example is afforded by the 







-Ortj.ms r)f TciULh 


Fjk 1031 

A, .Sniall nt che skm of a I ro,;, in verriral 

setiiun, enlarged, /i/ , cpidcrnas, /'■(' , loiidi coi 
piistclcs, h, Toiich-corpnv Ic 

from iht •'( a DulK. iu’M.H '‘iilargrd, S ( , m, i\>,f ~ 
cella, N F,, nr;rve-ribrL. Sk , fibrou-, sh'-.nli 
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numerous touch corpuscles which underlie the little ridges seen 
on the tips of our hni>crs and thumbs (fig 1032) In Reptiles, 
Birds, and M immals thert aie also (urioiis struc 
tures known as Pacinian bodus (lig 1033), in 
which the ending of a nerve i'^ surrounded by a 
serits of lavcis arranged almost like the coats o^ 
an onion flu re is n .ison to think th it these arc 
vti) sensiti\L lO slight pressures IIk) abound, 
foi instance, in the wing membranes of Hits, and 
It IS well kiaavii that these creatines can easily 
su the a w ly in the d.iik thre^ugh i writable 
!iK*/( ('>f ol >t Lcli 'I, such as that ilfordt d by a 
(IRS of siiiiigs lUnning in a .irious diicction^ ^>^3 -'u.cii 

Puinian bodies aic <lNo found LomucUil witli im lAinnsprir 

, I . T ’iv en' ULf 1 

t( iiclons, aganunt*' lp I \ n* )«is )»it<»nil nigm, 

1 he use ‘I thi-^c IS piobilK t< ipjnisc the centril ntnuus 
\ stc m of vaiiuion in uul Knsion which tike pi ice 

1 7 l)(t\\c(ji lh( lilli (ill j 11* ()f tii( h(K'y 



ii-^i If 

\\ ( ait ‘5I1II \ ( r\ miitli ni the da k «is 
O'* how ill dico do 01 do not exist pi (ill 
( nd oigans which ik alktUd l)\ \aiiauons 
in t( inpi ratui c It is known llhit di hmte 
spots in the luiinaii skin die s(nsiti\c to 
such \ dilations, but there do not appeal 
to be any sptei.il sense organs in these 
sp )ts Some of the stnsoiy neive-hbrcs 
tei inmate in the skin by dividing into a 
number of little branches which do not 
become continuous with modified cpidc rmal 
cells, and it has lieen suggested that these 
“free nerve endings” are related to the 



temperature sense 

While the entire external surface of the 
body is sensitive to contact, pressure, and 
changes in temperature, this is in many 
cases insufficient to enable the requisite 


Fig 1033 A PiLii lan Corpuscle 
111 1 ongitu linal ScLtiun er larged A 
ncrNt tihie («« urruunded by a 
sheatli / , Cillers the base of the 
lorpuscle lose its sheath traxenes 
a central core pm , and ends in an 
irregul-ir cxpanMon ol The cor 
piiscle IS mostly mide up of numerous 
Loncentnc fibrous la) ers c, il) 


adjustments to the environment to be 

brought about And we accordingly find that in many animals 
oigans of active touch have been evolved, which explore the 
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surroundings, and help to detect the presence of food, or to give 
warning of danger. Such are the tentacles of Jelly-Fish and 
Sea-Anemones, the slender outgrowths on the head o^ a Sea- 
Centipede, the two pairs of antennae on the head of a Cray- 
fish, the single pair on the head of an Insect, and the tentacles 
on the heads of Snails and Slugs. The “ whiskers ” of a Cat or 
Rabbit belong to the same class of structures. They are stiff 







Fig 1034 —A De«p-Sea Fall Ergtmt>pkarus) with iti Pelvic Fins drawn nut inf» long TanJe O £ ms 

hairs, at the base of each of which a touch-corpuscle is to be 
found. Such organs of active touch may cither from the first 
have done duty as sensory organs, or may have on finally been 
evolved in the interests of some other (function. The former 
is probably true for the feelers of a Sea-Centipede or Insect, 
but the large feelers of a Crayfish (and very hkcly the small 
ones too) were probably jaws at an earlier stage, having later 
on been shifted in front of the mouth, and modified in shape 
and structure to do duty as sense-organs. There can be no 
doubt that the paired fins of Fishes were originally evolved in 
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relation to swimming, but it sometimes happens that they have 
been transformed into tactile organs, as in the deep-sea form 
{Eretmophorus) represented in fig. 1034. Snakes employ their 
tongues as tactile organs, as 
also do Woodpeckers and Ant- 
eaters. This, however, is pro- 
bably onl) an extension of the 
original duties, for the primary 
use of the tongue seems to be 
that of a tactile org^m in re- 
lation to the mouth-cavity. 

TASTE 

Sensations of Taste are pri- 
marily ir^j* ‘ .nt because they 
assist in the selection of suit- 
able food. The stimulus is a !•»« Taste organs of a Wasp a, Under side of 
1.4 , . leftnitMlIi enlarged showing group of taste-cups ( 7 * C t 

CliemiCai one, anci consists ot p, a single ustc tup, greatl> enlarged 
substances in solution. We 

know but little about the gustatory organs of lower forms, bat 
as these show a preference for certain kinds of food it is pro- 
bably correct to assume that such organs are present. In the 
Earth-Worm, for e<amplc, groups of modified epidermal cells 
in the neighbourhood of the mouth are very 



likely related to taste. 

Certain regions of the mouth-parts of some 
Insects are stuilded with minute pits, I cneath 
each of which is a sense-cell, drawn out ex- 
ternally into a short bustle, and continuous with 
a nerve-fibre internally. They aie present, or 
example, in Bees and Wasps, and art* almost 
certainly of a gustatory nature (fig. 1035). 

Cuttlc-lM’shes and many Snails possess a 
sense-organ on the floor of the phar) n\, below 
the front end of the rasping-ribbon. It pro- 



I ig loifi — Taste Bud from 
tht. 1 oiigue of 1 Rabbit, in 

I jngitudin \l section, greatly 
enlarged Ihe bud contains 

Ic I <er taste cells, the exter- 

II il i.nds of which project into 
1 lit Ic pit contiiiL >as with the 
ni Mith avity 


bably has to do with taste. 

In Lung-Fishes, Amphibians. Reptiles, Birds, and Mammals 
the organs of taste consist of groups of sense-cells in the lining 
of the mouth-cavity, and since this cavity is developed as an 
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in-pushing from the exterior the cells in cjuestion are of ecto- 
dermic nature. The largest amount of specialization takes place 
in Mammals, where the “ taste-buds as the oroup of cells are 
called, are associated with small projections or papilke of the 
surface of the tongue (fig. 1036). 


SMKLL 

Many of the lower animals can undoubtedly smek as well 
as taste, though to definitely associate this sense with special 
cells or groups of cells is not at present possible. Our know- 
ledge is more complete in the case of Artliropods, Mollusi s, 
and Vertebrates, wdiere experiments lead to results ol more de- 



10^7 - Otfaaorv Organs A, A si i ill p.irt •.!' tin ri. r l^r.nch of anrenniil'* of a Cnyh^h is -a ,r, with 

gn^ups k 4 (jirar,tor> i n it<; under side, enlarged. /», .in ollacti^rv set », fiirt’irr ori!Arf:cd t', 'i ip kT Tm u r if a Milli 
f»edc, greirk crLarged, showm.: ‘iK.ictorv cylinders among ihc oidiiiary Unule bnsiles l. Two olfuLlory coin.-, iioin 
feeler of a W isp, in ‘•ectui'i, grc-niy enbr,;cd 


finite kind. In all cases the stimulus is of a gaseous nature, 
and in aquatic animals the gases that are smelt are dissolved 
in the surrounding water. The sense of smell is obviously of 
great importance as regards adjustment to the environment. Hy 
its means food is in many cases detected, while it often enables 
animals to recognize friends or foes, even w'hen these are at a 
considerable distance. This is, of course, due to the nature of 
the stimulus. Since Smell, Hearing, Sight, and the Temperature 
Sense are able to give information about objects which are more 
or less far away, they may be grouped together as Distance-Senses 
(telatsthetic senses), and are in marked contrast to Touch (so far 
as haptic sensations are concern d), which only conveys knowledge 
r-g,i ding things that actually come into contact with the skin. 
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There is naturally a tendency for 
developed at the front end of the body 
where they can be most usefully em- 
ployed, and they are commonly to be 
found on the feelers of Arthropods. In 
the Crayfish, for example, the small first 
feelers (antennules) bear groups of flat- 
tened bristles which undoubtedly have 
to do with smell, and similar structures 
are present on the antennae of Millipedes 
and Insects (fig. 1037). 

Land- Snails and Slugs, among the 
Molluscs, are known to be endowed 


olfactory organs to be 



Fig 1038 —Tip of Optic Tentacle of 
(jarden Snail in diagrammatic longiiu- 
duial section, cnlirged 1 he tentacular 
nerve Ten/ N gives off an optic nerve 
{Ofi iV J to the eye, and then expands into 
a ganglion lOti ) • iich sends fibres to an 
olfactory patch Otj i of cells on the tip of 
the tentacle 


with a keen sense of smell. 
In the eomiTioii Garden-Snail 
(ZAZ/.r aspersd) some of the 
epidermic cells at the tips of 
the long e)e-be*iring tentacles 
are helic\ed to minister to this 
function (fig. 1038), though 
experiments have been made 
which appear to show that 
olfactory cells are elsewhere 
present 

Among aquatic Molluscs 
what is known as a water- 
testing organ (osphradium) is 
usually present in the neigh- 
bourhood of the breathing 
organs (fig. 1039). This is 
generally considered to be of 
olfactory nature. 

In Vertebrates the sense- 
cells related to smell form part 
of the lining of the cavities of 
the nose, and since these are 
developed as pits in the ex- 
ternal surface, such cells must 
necessarily be of ectodermic 
character. WHen the sense of 



1, Mouth a, brain g'inglion nerve cord conncctuig 
tide ganglion (above) with foot ganglion below) 3, one of 
the three ganglia cm the twihted nerve loop 4, gill. 4^, oc- 
phradium opening of inteatinc, 6, heart in pencardium; 
8. a gland (purple gland in Purpura) 9, siphon to, to, foot: 
11, operculum 
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smell is keen the nasal cavities are large and complex, and folds 
project into them which increase the surface over which olfactory 
cells are distributed. These cells are frequently of the shape 
represented in fig. 1040, from which it will be seen that from the 
outer end a number of slender processes project into the nasal 
cavity. In some Fishes, such as the ordinary bony forms, the 
originally single nostril of each half of the nose 
IS divided into two apertures, which respectively 
serve for the entry and exit of water, that appears to 
flow continuously through the nasal cavity. There 
can be no doubt that many fishes possess a very 
keen sense of smell, and the experiments of Bate- 
son have proved that some of them Dog-Fish. 
Conger- Eel, and Sole) are mainly guided by this 
in their search for food. This being so, the noc- 
turnal habits of many species is readily intelligible, 
and the sense of smell must also be very useful 
in water of such depth that the light is dim. 

In Vertebrates which live on land the courses taken by the 
food which is swallowed and the air that is breathed are more 
or less distinct Each nasal cavity, in fact, opens at the back 
into the digestive tube, and the natural way of breathing is 
‘'through the nose”. This is clearly to the advantage of the 
sense of smell, for the air which passes over the olfactory cells 
is constantly being renewed, and the incoming current is con- 
tinually bringing with it gaseous matter capable of being smelt. 
An inward flow is greatly promoted by the act of “sniffing”, as 
we know from our own xj)erience. 

BAL. mi: and hearing 

There are certain s' >ry aructur^'s among the Invertebrates 
which though often cla'»siri«^d as y\jLlitory Organs have probably 
nothing to do with hearing *0 the ordinary sense, but are con- 
cerned with advantageous adjustment of the l>ody as regards its 
position in space. This is of the greatest importance in reference 
to the maintenance of balance and the direction of movement 
They are stimulated by vibrations in the surrounding medium, 
water or air as the case may be, and there can be little doubt 
that they have furnished the material from which undoubted 



Fig t 04 a~TwoOI- 
uictory Cent from an 
Amphibian {Praitms), 
greatly enlarged 
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organs of hearing have been evolved. Indeed the auditory 
organs still retain, in ourselves for instance, the old function 
side by side with the new. 

Balancing Organs of Jelly-Fish (Hydrozoa). — Jelly-Fish 
are often provided with balancing organs placed at regular in- 
tervals round the edge of the umbrella. In the simplest case 
these are little pits lined by specialized sense-cells, from each of 
which a bristle projects. Within the pit one or more calcareous 
particles (otoliths) are found, and these also have been derived 
from the ectoderm. In many species the mouths of these pits 
close up, converting them into little sacs (otocysts) which lie 
close to the surface. Other 
kinds, again, possess short 
balancing-tentacles (tentaculo- 
cysts), evolved no doubt from 
some of the ordinary sort (fig. 

1041). In such instances the 
otoIitJis are derived from the 
cntodenn cells which make up 
the inner part of the tentacle. 

Though these different or- 
gans may be constructed in 
various ways they are affected 
by the same sort of stimulus, 
movements in the surrounding water and by the swimming move- 
ments of the animals themselves, and the otoliths appear to 
intensify the action, as it were. l‘he sense-cells arv- closely con- 
nected with the nervous system, and this again with muscle- 
fibres. We have present, in fart, the neces'^ary machinery for 
muscular reflex actions (see p. 9), under which may be included 
the checking or stopping of swimming movements actually in 
progress. 

One of the most obvious uses of the sense-organs described 
appears to be that of enabling their possessors to keep well 
below the Surface of the water during ^ough weather, for crea- 
tures of such flabby and delicate structure are quite unfitted 
to withstand the buffets rf the waves. Supposing that on a 
stormy day a jelly-fish is swimming obliquely upwards. When 
it comes sufficiently near the surface for the balancing organs 
to be stimulated with a certain degree of vigour by the swing 

VoL. IV. 97 



Fig 1041 - '^entaculocysts of Jelly Fish, enlarged 
t( Of SoUnarucormuMiha. a. of PolyxtHia cyatiostylu 


Their sensory cells are jolted by 



34 


NERVOUS SYSTEM AND SENSE-ORGANS 


of the water, reflex modification of the swimming movements 
will take place, and the upward course will be altered into a 
downward one. 

Balancing Organs in Segmented Worms (Annelida). — 
Members of this group commonly react very quickly to jolting 
or agitation of the surrounding medium, and this may lead to 
movements promoting escape from danger. Earth-Worms, for 
example, when partly protruding from their burrows, will often 
draw back with extreme rapidity on the approach of a heavy 
footstep. The skin is no doubt the sense-organ in this case, 
but we are ignorant as to details. A few Annelids, however, 
have a pair of otocysts in the front part of the body, as, e,g,^ 
the Common Lob -Worm {Arentco/a pisca- 
0/ torum\ where they are cfosely connected with 
f the brain (fig. 1042). They have undoubtedly 

been evolved from pits in the ectoderm like 

IK the similar sacs found in some of the jelly- 

» fish, and three stages in this evolution are 

Fig 104a - Front Part of p^roi^uiently retained in three kinds of Lob- 
cenirai Nervous System of Lob- Womi. In otto of thcsc (A. Cloparedii) there 
enlarged r. Gullet (lo cross IS Simply a pair of dopressions on. the head, 
in another (A, pucatorum) otocysts which are 
I!^ibilnr”^***^****'*™*^ communication with the exterior, and 

in a third {A. Grubii) closed otocysts. The 
otoliths of the second species are minute sand grains taken in 
from the exterior, while those of the third are calcareous par- 
ticles secreted by the ectoderm. 

Balancing Organs in Molluscs (Mollusca). — Most Mol- 
luscs possess a pair of otocysts, developed as pits in the ectoderm, 
which become closed and travel inwards to the neighbourhood of 
the foot. They are attached to the foot-ganglia, although their 
nerve-supply is derived from the brain (see fig. 1021, p. 17). 
It occasionally happens in Bivalves that the communication with 
the exterior is retained. The lining of these organs partly con- 
sists of sense-ceils provided with stiff processes, and one or more 
calcareous otoliths are present 

The otocysts of Cuttle-Fishes and their allies are lodged in 
the gristly case which surrounds the thickened nerve-ring, pretty 
much as in backboned animals the corresponding organs are 
sheltered in gristly or bony capsules that form part of the wall 
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of the brain-case. And it is definitely known that in Molluscs 
of this kind maintenance of eqviilibrium and adjustment of the 
swimming movements are seriously interfered with if the oto- 
cysts are injured, which leaves little doubt as to the use of these 
organs. 

The otocysts of some of the free-swim- 
ming Sea-Snails (Heteropods) are particu- 
larly large and well-developed (fig 1043), 
and are undoubtedly related to balance and 
steering. The majority of Snails and Slugs, 
however, are adapted to a creeping mode of 
life, the organ of locomotion be mg the mus- 
cular flat-soled foot, which is also concerned 
with maintaining the balance' of the body. 

Since the otocysts are presumably related 
to both ' uses u is not surprising to 
find tlieni placed close to the upper surface 
of the foot, by the slightest movement of 
which they must therefore be aficcted, and H. J. Fleinc has 
described an interesting arrangement in the Limpet and Sea- 
Ear which probably conduces to this, in the two forms men- 
tioned each otocyst is connected with the foot by a fibious band, 
and there is a similar bond b< t\vc( n the tw^o otocysts pig 1044). 
Thc'se organs are thus kept “ in touch ” v iih 
the foot and with one another, and, being also 
mooied by their nerves to the foot ganglia, 
are kept steady, which seems desirable when 
their functions are considered 

Organs of B\LANeE and Hi vrinc, in 
Crustaceans (Crustacea). — Such higher 
forms as Lobsters, Prawns, Shi imps, and 
Crabs arc provided with otocysts lodged in 
the bases of the small feelers or antennules. 

These organs arise, as in cases already de 
scribed, as pits in the ectoderm, and they usually, though not 
always, remain open through life In a Lobster, for e\ imple, 
they are lined by a thin horny membK..iie continuous with the 
hard covering of the body, and studded with delicate bristles, 
at the bases of which are sense-cells (fig. 1045). The otoliths 
are sand grains which have been taken in from the exterior 


ot 



Eig T 44 — Diagnnimtiic 
Cross S«cticn thr)ut,h Otocysts 
{Ot ) alia t oot of a Limpet cn 
hrged 



Fig 104 t 't lost tf 1 Hctcro 
pod Pten 'nthta lu se tioi en 
larged 1 ht larg^ otolith is sreii in 
the centre of the vesicle whi h is 
lined bcioM by s-nsor^ Ct’lK pro 
videc* with bunches ol sh it stiff 
JT jecnons the rest of tic vesiele 
L« hn H b> cells beam g Ion? cilw 
H , I erve 
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That the otocysts are concerned with equilibrium and adjustment 
of movement has been definitely proved by experiments upon the 
Prawn IPal^emon), When this creature moults it sheds not 


only the defensive armour of 



Fig. 1045.— OlocyM of lobster (a) m longttudiiul wc* 
Uon, enlftigeci and dugnunmatic; senaory bmtJeaare seen 
projecting into its cavity, which contains numerous oto- 
hths; Nv , nerve, a, A sensory bristle, further enlarged 


the body but also the lining of 
the otocysts, getting rid at the 
same time of the sand grains 
which serve as otoliths. Under 
ordinary circumstances these 
would be replaced by a fresh 
supply of the same material, but 
the specimens experimented upon 
were only provided with iron 
filings, some of which in due 
course were introduced into the 


otocysts. It was then found possible by means of a magnet to 


move the particles in various ways, and as a result of this the 


Prawns could be induced to assume all sorts of positions, under 


the impression, so to speak, that they were falling over in this 
or that direction, which they would have been if the shifting of 
the otoliths had been produced by ordinary causes. 



Fig. 104^ — Opo^um Shrimp 'Mjrsu), enlarged. One of the otocysts (ear) is seen in the taO 


In one Crustacean, the Opossum Shrimp (Afysis), the otocysts, 
in this case closed, a^-e lodged in the flaps of the tail-fin, but why 
they should have this position is not known (fig. 1046). 

It is generally assumed that animals which are endowed with 
a voice or its equivalent also possess powers of hearing, at least 
if the voice is used for the benefit of one another. Since some 
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of the higher Crustaceans are able to emit sounds, it is quite 
possible that their otocysts are beginning to acquire a new 
use, t.e. that of serving as auditory organs. The Rock- Lobster 
(Pa/znurus), for example, makes a creaking noise by moving 
the basal joints of the large feelers, which then rub against 
their sockets. An unpleasant sound of similar nature can be 
produced by twisting a glass stopper in the neck of its bottle. 
A more specialized case is that of the Musical Strand-Crab 
(pcypoda macrocerd), which has been described by Alcock (in 
A Naturalist in Indian 
Seas). In this animal the 
inner side of the large 
nippers is provided with 
a ridge or scraper placed 
near the base of the limb, 
and a rasp-like ridge or 
key-board ou the fixed joint 
of the claw. By drawing 
the scraper over the key- 
board a sort of chirping 
sound is produced, not 
unlike the one with which 
our native grasshoppers 
have made us familiar. 

The same zoologist speaks 
of the Squeaker Crab 
(PsopAeticus stridulans) of the Andaman Sea as making a dismal 
noise by rubbing a spine which projects from the base of its 
nippers against a rough knob near the eye-socket. 

Organs of Balance and Hearing in Insects (Insecta). — 
A variety of organs situated in different parts of the body are 
probably connected with balance or hearing, or both. Among 
those which are most likely concerned with equilibrium and move- 
ment are certain peculiar structures (chordotonal organs) that 
are especially characteristic of aquatic larvae, though not limited 
to these. Gnat larvae, for example, possess such organs, one of 
which is represented in fig. 1047. consists essentially ot a 
group of rod -shaped cells contained in a tube that opens to 
the exterior. 

Many insects make sounds which are doubtless heard by 



Fig 1047 — Chordotonal Organ* On the right U thown part of 
an abdominal segment of the larva of a Onat [Corcthra plmmic^r- 
niri. wn as a transparent object, enlarged. In the centra is the 
nerve cord (darkly shaded) with the gangbon (gw.) of the segment; 
/ Mtf , longitudinal muscles; ckn , chg , ck.l., and cA., chordotonal 
nerve, ganglion, ligament, and organ; t b., branched tactile bristles. 
On the left is seen part of the chordotonal organ with its rods, gan* 
ghon tgw ), nerve, and ligament (Ag } still further enlarged. 
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their fellows, a well-known instance being afforded by Grass- 
hoppers and Crickets. A Grasshopper possesses a chirping 

arrangement something like that of the 

A Musical Strand-Crab (p. 37). The wing- 

((( cover is provided with a sharp edge or 

scraper which is rubbed along a key-board 
B placed on the inner edge of the thigh of 

hind-leg (fig. 1048). The chirping 
sounds audible to our own ears are pro- 
^ duced by the male insect, but the females of 

/y some species are also provided with these 
“ striduiating organs, which no doubt 
^ make sounds that can be heard and ap- 

preciated by the opposite sex. These 
^2 1 sound-producing insects also possess what 

we may feel justified iii calliujr “ears”, 
either side of the first rinc of the 

showing beaded key hanl dotted line o 

on nght, eni irged b f:ve beads vsjmo alxlomcn therc is a mcmbranc compar- 

further enlarged six cf the mu<h l i 

smaller beads of kev *x ard of 1 tema'e able to a drum-hcad (iig. 1048 ) slrctchcd 

(same scale as n t side mcw c* a Gris'. . 111 1 

Acrtju,n to si w n- »u.rs ovcr RP Rir-spacc, aiid closely connected 
with sciisory arranj^rements somewhat like 
those already descrilxid for a gnat-larva. 
The ears of Green Grasshopi:)ers and Crickets are situated in the 
shins of the fore-legs, just below the knee. 

Organs of Balancc a'nd Hearing in Backboned Ammvi.s 
^ (XYrtebrata). — The tadpole 

larvae of Sea - Squirts i)os- 
sess remarkable sense-organs 
formed by specialization of 
part of the wall of the brain, 
and projecting into its cavity. 
One of these is of the nature 
,, c of an otocyst, and is pro- 

F^. 1049 .— Body of an AKidian Tadpole, in lonptudinal bably a balancing Organ (fig* 
Mction, enlarged The tail is cut short the dorsal nerve tube * ^ . p. \ 

{ft t ) swells uito a brain, into which project a balancing organ ^ ^47/* 

and an eye V./, « , atnal cavity, r., gipupi of embryonic P fom FishcS On Wards WC 

cells, g, gut, m , mouth, K , notochord /», adhesive papillm 

find undoubted ears, similar, 
broadly speaking, to the essential parts of our own organs of 
hearing, and there can be no doubt that these also have to do with 
equilibrium and movement. If we trace the development of the 


of a male Gra^&h , 

showing beaded key hanl dotted line 
on nghi , enl irged a f've beads v sam<", 
further enlarged six cf the much 
smaller beads of kev *x ard of i tema'e 
(same scale as n i side Me w c* a Gris', 
hopper AertJ urn to si w n’ wuirs 
and leg> rut short i-, l«.>rici s.ig 
mats, 4-10, abdotn.nl st g'’ at i 
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ear we shall find that it begins as a pit in the skin, and by 
closure of the mouth of this a vesicle is produced, which if it 
underwent no further modification would called an otocyst. 
As it is, however, a very complex shape is assumed, the final 
result being known as the membranous labyrinth, or internal ear 
(fig. 1050). This sometimes, as in a Skate or Dog-Fish, remains 
in communication with the exterior throughout life. It is sig- 
nificant that in Fishes the auditory pit arises in close connection 
with the “lateral line ”, which is a groove 
or tube containing groups of sense-cells 
belonging to the skin. And this suggests 
that the ear is no more than a bit of this 
line which has sunk beneath the surface 
and become specialized as regards struc- 
ture and function. It is extremely pro 
bable that the lateral line of Fish(‘s and 
y\mphibian larvae has to do with main- 
tenance of balance and diiection of move- 
ments, and if so, the fact that the ear has 
to do with these functions is quite intelli- 
gible We know so little about the 
di\ ision of ph) siological labour between 
the dififerent parts of the complex laby- 
rinth that a discussion of details would 
be out of place here. But experiments 
have shown that the semicircular canah. 
have some connection with movement and 
equilibrium, and it is interesting to note that they lie in three 
planes which are mutually at right angles. It is aiso certain that 
the labyrinth is the sense-organ of hearing proper. In land-verte- 
brates there are more or less perfect arrangements for conducting 
air- waves from the exterior to the deeply-seated and well-protected 
internal ear. This has already been sufficiently illustrated by the 
brief account of the auditory organs of Man given elsewhere (see 
vol. i, p. 56). 

SIGHT 

Skin-Seeing.— The simplest kind of sight is literally that of 
“ seeing without eyes ”, and it amounts to no more than the 
power of distinguishing between light and darkness, or detecting 



F le 105O — T)iagr*im of the Left Mem- 
hrinoiis Labynnlhof a I ower Vertebrate, 
seen from the outer side t , A tube re* 
pri srimng the outer part of the original 
injH’ow Ih ti s ,p s , and h , antenor ver* 
1 1. al posterior vertical horizontal 

iyctnicirculir ciinU », utncle. sm , sac- 
cule, r , cochlea > ,17 , otoliths, s ,i ,x , 
s , s and oth« i >rted patches), groups 
of sense cells 
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sudden variations in the amount of illumination. But even this 
limited sort of vision may be of the greatest importance to its 
possessor, since it often gives valuable information about the 
surroundings. In such skin-seeing {derfnat optic vision) it is usual 
to find colouring-matter or pigment in or below the epidermis, 
which localizes the action of light-rays upon sensitive cells in this 
layer. This is the case, for instance, in Earth-Worms, the safety 
of which must often depend upon their avoidance of light. A 
further and more interesting illustration is afforded by many of the 
bivalve Molluscs which live in sand or mud, and which feed and 
breathe by means of two tubes, the siphons, which project from 
the hinder end of the body (vol. ii, p. 249). Such animals are 

often found hidden in their bur- 
rows with only the extreme tips of 
the siphons projecting. But even 
though thus concealed they would 
more frequently fall victims than 
they do to octopi and fishes, or, in 
the case of those which live between 
tide-marks, to strand-haunting birds, 
were they not provided with some 
means of 

of such enemies. Warning is often 
given by the siphons thenjselves, which are commonly pigmented 
and sensitive to changes in light-intensity. And experiments 
on specimens kept in aquaria have shown that the fully-extended 
siphons are rapidly drawn in if a shadow is suddenly cast upon 
them, an event that would happen under natural conditions on 
the approach of a voracious fish or too inquisitive bird. 

Eyes. — Localization and improvement of the powers of sight 
have led to the evolution of definite visual organs or eyes, though 
many of the lower Invertebrates have more or less retained the 
old faculty of diffuse skin-seeing. The simplest organs of the 
kind are known as eye-spots, and their presence is marked by 
dense pigment. These are possessed even by some Animalcules, 
e.g, by a little green creature {^Euglena viridis) which often swarms 
in stagnant water (fig. 1051). The eye-spot in this case is marked 
by the presence of a tiny patch of red colouring-matter on which 
rest several little lenses that serve to concentrate the light. 

In some of the Jelly-Fish the margin of the umbrella bears 


detecting the proximity 



Fig. 1031 —A, Sugltma vindii, enlarged. Jt , 
iagelfcwB; M., nxHith, jV., nucleus, / v.. pulsating 
vacuole. U. Eye^pot, greatly enlarged, showing 
nx TOUiuled kioes resuog on a masa of pigment 
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a number of compoimd sense-organs (rhopalia) derived from 
tentacles, and having to do with balance and adjustment of move- 
ments, sight, and possibly smell. Their visual part consists of a 
group of pigmented ectoderm cells, upon which a lens may rest 
(fig. 1052). 

Examination of a Common Star- Fish {JUraster rubens) will 

A B O D 

fif. nsa.— Rboptla of Ptrict^ fmmdrigmiM, teen from vtrioui poinu of view, enbrged. The otocytt, 
OOtafainf mi— reui otoUtha, b teen in the lower peit of a, b, tnd c; the rounded pigmented eye, with clear, 
OBoiiml rmta Mbfg pottbn, b indicated b A, c,anda 

reveal the presence of a bright-red spot at the tip of each arm, 
borne upon an unpaired tube-foot This is undoubtedly an eye, 
and microscopic examination shows that it is made up of a multi- 
tude of litde cups, each of which is lined with elongat^ cells, some 
of which are sensory, while others contain pigment (fig. 1053). 
Sea U rchins possess a circlet of somewhat 
similar eyes pl^ed near the upper pole of the 
body. In some of these animals each of the 
minute cups may be provided with refracting 
structures, which presumably concentrate the 
light 

Jelly-Fish, Star-Fish, and Sea-Urchins are 
radially symmetrical animals, and their eyes are 
correspondingly disposed. But in "Worms”, 

Arthropods, Molluscs, and Vertebrates, where 
the body is bilaterally symmetrical, and there is 
a more or less well-developed head, the eyes are usually situated 
upon as being the most useful position. But eyes may be 
present elsewhere, especially m some of the Planarian Worms, 
and certain Bivalve Molluscs. 

The visual organs so far described may be called Direction- 
Eyes, as they can do no more than detect the direction from 
which the lighl-rayS which influence them are coming. Eyes of 



Fig. 1053.— An EywCtap 
of a Star>Fbh, greatly en> 
larged, in section. The 
retina u suited with nn- 
mcroos nerve-fibres 
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the sort are present in many Worms and Molluscs, and some of 
them are less complex than those of a Jelly-Fish or Star- Fish. 
Nothing, for example, could be much simpler than the eye-spots 
on the head of the common freshwater worm 
Nais. Each of these is simply an enlarged 
epidermal cell, along one side of which are 
several much smaller cells containing pig- 
ment (fig. 1054). We may take as examples 
of greater complication the eyes of a Leech, 
a Limpet, and an Arrow-Worm, the nature 
of which is sufficiently indicated in fig. 1055. 
They essentially consist of a group of visual 
or retinal cells, associated with pigment and 
refracting structures. Those of the Leech 
are particularly interesting, because they 
closely resemble in structure certain organs 
of touch which are present in the skin of the same animal, differ- 
ing from these, however, in being larger, surrounded with pigment, 
and limited to the front end of the body. It is, in fact, a case of 
tactile organs which are acquiring a new function. The simple 




Fig 1055.- Direction Eyes of a Le*’ ' Htmdo^ a), a Limpet [PattUa, b), and an Arrow-Worm (Sagt/ta, c), 
in action, and enlarged to various scales 


In A the elongated eye is placed below a transparent patch of the epidennu (t^.) it u endosed m a pigmented 
•heath (/g ), and coousts of an eatenul byer of large refimctuig cells (r c ), surrounding a core of slethler senM cells 
Itc I, which are continuous with nerve-cells (« c ), and these agam with nerve-fibres {mv ) B u an open cup, lined 
by a thickened retina re/ ) with dear refracting part externally, and dark pigment between its celb, mv , nerve. In 
c there are three lenses imbedded in pigment (/g ), external to which are retinal cells {rttc ), that contain refracting 
rodlets rd / in their inner ends 


eye-cups, of which one is to be found at ‘.he base of each tentacle 
in a Limpet, are interesting for quite a different r^^ason. For 
they are almost certainly to be regarded as degenerate structures, 
which have been greatly simplified as a result of adaptation to the 
mode of life characteristic of their possessor. The activity of a 
Limpet is practically limited to feeding excursions in the vicinity 
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of its home, and the eyes are under the shadow of the large 
conical shell. Under such circumstances complex visual organs 
are unnecessary'. 

PicturK'Eyes. — The development of refracting structures in 
direction -eyes has led to the possibility of further specialization in 
vision, and has resulted in what we may 
call Picture Eyes, capable of giving more 
or less definite information about the form 
and colour of external objects. Two kinds 
of these may be distinguished, Le. Com- 
pound Eyes and Camera Eyes. 

Compound Eyes are characteristic of a 
great many Arthropods, such as Lobsters 
and Crabs, where they are placed at the 
vnd of ^md Insects, where they are 

in the form of two large projections on the head (fig. 1056). 
P^xamination with a lens shows that such an eye is covered by 
a transparent patch of the hard covering of the body, which is 
divided into a multitude of minute souare or polygonal areas, 
commonly known as facets. These may be exceedingly numerous, 
as will be seen from the following calculations made by Leeuwen- 
hoek more than a century ago:-— 
house-fly, 4000; gadfly, yooo] goat- 
moth, 1 1 ,000 ; death’s - head moth, 

12,000; swallow-tail butterfly, 17,000; 
dragon-fly, 20,000; a small beetle 
(Mordella), 25,000. It was origi- 
nally believed that these elaborate 
structures were aggregates of simple 
eyes, acting independently ; and they 
were therefore called “ compound 
eyes, a rather misleading term. Sec- 
tions through .such eyes (fig. 1057) 
have demonstrated that each facet 
is the outer end or base of a verv slender visual pyramid 
(ommatidium), the external part of which consists of various 
refracting structures, while internally is a group of sensitive 
visual cells connected with nerve - fibres. Adjacent pyramids 
are optically separated from one another by means of pigment 
Comparison of various compound eyes shows that there are 



Fig 1057 —Diagram of a l^ompound Eye, la 
section, enlarged, to illustrate theory of "mosaic 
MMon Numerous radiating tisual pyramids 
are indicated, each consisting of external refract* 
ing structures {r ,r) and nternal groups of retinal 
cells rt ) On the nght side part of the pigment 
of several pyramids is inserted. The course of 
light rays from an external object » indicated for 
three pyramids <>., optic nerve 



fig lo/j) —Held of Male Honey- 
Bee pueUiJica and Beginning of 

Thorax with First Pair of Legs, en- 
larged. 1 he antenna; are seen in front, 
and thice small simple eyes near their 
bises, but the most conspicuous strut, 
lures are theenoimouseonipoiind eyes, 
mth their minute hex igoual facets 
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great differences in detail, and much has yet to be learnt re- 
garding the exact structure and use of the numerous parts which 
are present. The most plausible explanation which has yet been 
given of the mode of action of this sort of eye is that of “ mosaic 
vision”. According to this a visual pyramid is only stimulated by 
light-rays which exactly correspond in direction with its long axis, 
and numerous pyramids co-operate so as to enable the shape and 
colour of surrounding objects to be perceived (fig. 1057). 



Fig 1058 ^Sections through thr Compouttd Eye of an harwig {Forficvln, a), and the Camera Eyea of a Spider 
f" pttra duulemm^ B , and a Manne Annelid c), enlarged 

In A numerous raduting visual pyramids are seen, ending externally in the facets of the thickened caitirle, ind con- 
nected intemaily with nerve branches one of the pigmented zones is indicated In B thr cuticle is thickened into a 
rounded lens, and behind thu is a tranopareot layer upon which ahut the retinal cella, contuuoiis with i 'rvr fibres 
each retinal cell contains a refracting rodlet i is a vesicle, of which the cxtemil part is thickened into a sphi roidal 
lent, while the rest constitutes a retina, con-iiMing of an internal refracting layer, separated by pigment from the 
extetnal sensitive part, into which nerve fibres are seen running 


Camera Eyes are found in Annelids, Arthropods, Molluscs, 
and Vertebrates, just as in a pho*^ogiapher's camera a picture of 
external objects is imaged on a sensitive plate by means of a lens, 
so also in a camera eye do we find refracting structures which 
focus light-rays on a retina, or layer of sensitive visual cells. 
Scattering of light is prevented in the former case by a black ned 
lining, in the latter by a layer of pigment. 

One of the two exceptionally large eyes present on the head 
of a marine Bristle-Worm (A/ciope) is represented in fig. 1058. 
A Sea-Centipede {Nereis) possesses four smaller and less complex 
eyes of similar kind on the upper side of its head-lobe, and in 
some of the tube-inhabiting Bristle-Worms {e,g. Branchiomma and 
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Dasychone) there are eyes of elaborate nature on the gill -filaments 
of the head. 

Spiders, among Arthro|X)ds, have a group of simple eyes 
(ocelli) on the top of the head. These are constructed on the 
camera principle, though they differ in detail from those of Alciope 
(fig. 1058). The spherical shape of the lens and its closeness to the 
retina suggest that only near objects can be seen with any degree 
of distinctness. A great many Insects jxissess ocelli in addition 
to the two large compound eyes In Bees, for instance, there are 
three of these arranged in a triangle on the top of the head. In 
this and similar cases it is extremely [)robable that the compound 


ABC l) 



— DnRrammalic Sections through Camera Ir > es of ( l| ha) pods 

A, r \e if NniUilub <. , niurml / »n<l x rtfncting 1 1 srnbiin layers of rttiii'i « i layer of ocrve-^lli, 

nf, nerve hlj*- s h-i Stages in dcvel pment f rye cl ( util* I ish Se/i r in B the epideriins ep ) h'iik folded in to 
produce 1 visulc (' r 111 i f Id r / is j,r 11 g ut to fum ti ins d is the adult rye / protective cxtcnial 
fold i ms /,/, outer -iiid inner parts >f lens r uid x rrfniti ij, in 1 sii :»iti\c lay ers of retin 1 

eyes are used for seeing things at a distance, while the ocelli are 
used at close range*. As fin ussing arrangements are entirely absent 
this would certainly be a great comcnience 

The most tamiliar t \ample of raintra eyes among Molluscs 
is atfonUd by tli(* Gaiden Snail (/A/m a^ptisa, fig. 1038), where 
they are placed near the tips of the long front tentacles. It is 
extremely short-sighu^l, as we might expect in \icw of the fact 
that the lens is practically sj)hci’cal and very close to the retina. 
Tht‘ Pearly Nautilus possesses eyes which are constructed on the 
“pinhole camera” principle There is no ler,. and sca-water is 
aclmitted by a minute hole into the large ip’^f'rnal ca\iLy (fig. 1059). 
Large and complex eyes arc found in the rapacious Squids and 
Cuttle-Fishes, and some idea of their structure and mode of de- 
velopment will be gathered from fig. 1059. A few of the Bivalve 
Molluscs possess numerous cc^mplex camera eyes situated on the 
edges of the mantle-flaps, in the Scallops [Pecten), where they 
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are bright-red in colour. Their presence is possibly in relation 
to the fact that some species are active swimmers. 

Before speaking of the camera eyes of Vertebrates, it may be 
well to mention certain simpler visual structures which are found 
in some of the most primitive members of that group. In the 
tadpole larva of a Sea-Squirt there is a simple cup-like direction- 
eye formed by thickening of the wall of the brain, and projecting 
into that organ (see fig. 1049, p. 38). Since the larva is transparent 
light-rays are able to reach it The adult condition results from 
a remarkable series of modifications (see vol. iii, p. 421), which 

include simplification of the nervous .sys- 
tem with loss of the brain-eye and brain- 
otocyst. The only compensation for this 
loss of vision consists in the appearance 
of a circlet of pigmented eye-spots round 
the ojxinings by which currents of sea- 
water enter and leave the body. 

The visual organs of the trrins])arcnt 
Lancelot i^Ampkioxus^ are of even simpler 
kind. The so-called “eye'* is merely a 
deeply- pigmented spot in the extrf^me 
front end of the nerve- tube, and there 
is in addition a series of similar Init 
smaller spots in the lloor of the nerve- 
tube Ixihind the head- region. 

The facts just mentioned prepare us for the staiemeni that the 
ordinary camera eyes of Fishes and still higher Vertebrates are 
partly derived from the brain, and in this they differ from the 
camera eyes of Invertebrates, which are of epidermic nature. Two 
stages in the development of the Vertebrate eye are represented 
in fig. 1060. From either side of the fore-brain of the embryo an 
optic vesicle grows out towards the ectoderm, in which a corres- 
ponding pit makes its appearance. The end of the vesicle becomes 
as it were pushed in to form a double-wallcd optic cup, of which 
the inner and thicker layer is destined to produce the greater part 
of the retina, or sensitive eye-screen, while the outermost pigmented 
layer of this is derived from the outer part of the cup. The 
external ectodermic pit closes, and is pinched off as a vesicle, which 
lies in the optic cup (see right-hand side of figure), and ultimately 
thickens into the Ien.s. The stalk of the optic cup becomes the 
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Fijj. 1060 Cros-s See* 

lion through the Heari i i a 1 i li> Ic to 
llltuinite ihe Development of the E>es, 
enlarged /, Fore-Lram r and r* , 
retina and lU ext'‘Mal pi^ 'nt*Uvrr 
Ip.^ lens-pit /, lens a , an arter>, m , 
mouth cavity, « , a nerve ph , pharynx . 
Py , pituitary body 
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optic nerve. Since the brain itself is of ectodermic origin (see 
p. 20), it is clear that the parts of the eye so far mentioned are all 
derived from ectoderm. The rest of the eyeball, including its two 
outer coats and refracting contents (see vol. i, p. 57), are formed 
from the middle embryonic layer (mesoderm). This curious kind 
of development clearly suggests that in the remote ancestors of 
Vertebrates the eyes were internal projections from the brain, and 
received their light through the transparent tissues external to 
them, as is still the case in the single eye of the tadpole of a Sea- 
Squirt. The free ends of the visual cells (rods and cones) were 
directed towards the cavity of the brain. 

As in the course of evolution the brain 
became more and more complex, an 
opaque skull was developed for its pro- 
tection", the brain -eyes, having their 
supply of light thus cut off, were obliged, 
so to speak, to grow outwards. Subse- 
quently they were improved into camera 
eyes by the development of a lens. 

Further improvements consisted in the 
evolution of eye - muscles, eyelids, and 
complex focussing arrangements. The 
visual cells (rods and cones) of the Ver- 
tebrate eye present the remarkable pecu- 
liririty of pointing azvay from the light, 
one result of the manner in which the retina is leveloped. 

In W'rtebrates, such as Fishes, which have to see under water, 
the lens of the eye is spheroidal, and one mark of the acjuatic 
ancestry of the vXmphibia is the possession of a lens of similar 
shape. But thoroughgoing land V'^ertebrates have lost this primi- 
tive character, for in them the l(‘ns is more or less llattened and 
biconvex, as an adaptation to seeing in air. 

An extremely interesting and remarkable arrangement is found 
in certain bony fishes known as Double- Eyes 1 ?ia6/e/>s), native 
to the coasts and estuaries of tropical America. The name has 
been given because either eye, as see. ^rom the exterior, is marked 
off into upper and lower halves by a dark transverse band. Dis- 
section shows that the upper half of the lens is biconvex, and the 
lower half spheroidal. And since these fishes habitually swim at 
the surface, with only the lower part of the eye immersed, we can 
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hg lo^i — Seciton throLgh the 
Pinei' hj* of .T 1 intar.i , 

enlaigeii f, bihroiis (.ovenng. /, 
lens, f , * , retina , blood vessel. 
o ft , optu erve 
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only conclude that this half can see clearly in water, while the 
upper half has been so modified that distinct vision in air has 
also become possible. 

Some of the Reptiles possess a more or less degenerate third 
or pineal eye on the top of the head (fig. io6i). It is connected 
with the roof of the ’twixt-brain. There seems good reason to 
believe that the ancestral Vertebrates had at least one visual 
organ in this position, probably serving as a means of detecting 
enemies attacking from above, a contingency to which aquatic 
forms are peculiarly liable. We may perhaps compare it with the 
internal brain-eye of the Ascidian tadpole, which also is unpaired 
and dorsal. 
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CHAPTER LIX 

GENERAL PRINCIPLES— INSTINCT AND INTELLIGENCE 
IN HIGHER INVERTEBRATES AND VERTEBRATES 

GENERAL PRINCIPLES 

I.il^'fly sLirvfycd the salient facts regarding the Ner- 
vous Sy stein and Sense-Oigans we naturally pass on to the 
consideration of those higher manifesutions of life known as 
Instinct and Intelligence, w^hich play a very important part in the 
adjustment of animals to their surroundings. To do anything 
like full justice to the subject at least half a volume would be 
required, and it is only possible here to attempt a brief summary 
of general principles, adding to this a few typical illustrations. 
Many other examples, however, will be found in other parts of this 
booL - As regards the present section, the writer wishes to ac- 
knowledge his great indebtedness to the works of Principal Lloyd 
Morgan, ue. Habit and Hshnet, Animal Life and IntJhgence, and 
Animal Behaviour, to which are referred those readers who wish 
further information on this branch of zoology. 

Something has already been said about Reflex Actions (see p. 
9), which are comparatively simple responses to external stimuli. 
In very low'ly animals, such as Animalcules (Protozoa), these, 
together with equally simple spontaneous actions, are sufficient 
to meet all the contingencies of existence. So apparently pur- 
poseful, however, are many of t’ jse actions, that some observers 
are inclined to ascribe mental powers to such forms. Either to 
prove or to disprove such a view is iw.possible, for we have no 
direct knowledge of the mind of any animal save Man, and can 
only make more or less probable guesses about other forms. We 
may feel pretty sure, however, that the evolution of the nervous 
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system through increasingly complex stages has been associated 
with a corresponding evolution of mind, and there is considerable 
justification for doubting whether animals devoid of a nervous 
system, or possessed of a very imperfect one, are endowed with 
more than a dim consciousness or awareness of existence, or are 
capable of manifesting either Instinct or Intelligence. 

An animal which inherits the power of performing more or less 
complex actions helping to adjust it to its surroundings, independ- 
ently of experience or instruction, is said to display Instinct, and 
such actions may be termed instinctive. They differ from Reflex 
Actions in being more elaborate, and many of them are partly or 
entirely spontaneous. But our knowledge is at present too in- 
complete to enable us to draw the line between actions which are 
of reflex character and those which are instinctive. It is only 
when dealing v\ith the higher Invertebrates and the Vertebrates 
that we can use the latter term with any degree of certainty. The 
Birch-Weevil (see vol. iii, p. 394), for instance, certainly displays 
instinct when she constructs an elaborate leaf-funnel for the re- 
ception of her eggs. This very complicated piece of work is [per- 
formed, so far as we know, with unerring certainty and without 
previous experience. Xor can the weevil have more than a ha/y 
knowledge of the purpose of her work, which is [irobably done 
(juite mechanically. 

An animal is said to show Intelligence when it profits by ex- 
perience, accomnuKlaiing its actions to the exigencies of changed 
or changing surrounding, d herc* is an inhcjrilcd basis to such 
actions; it is the controlling power which mak(‘s them intelligent. 
The diflerence between Instinciand Intelligence is e\j)l*iined with 
admirable lucidity in the following passage from Lloyd Morgan 
(in Aiiijuii/ Bcliaviuur\. “.Such an .inlmal as a newly-hatched 
bird or an insect just set free from the chrysalis is a going concern, 
a living creature. It is the bearer of w'onderfully complex auto- 
matic machinery, capable, under the initiating influence of stimuli, 
of performing instill' tivc acts. Hut if this were all, we should have 
no more than a cunningly-wrought and self-developing automatic 
machine. What the creature docs instinctively at first it would 
do always, perhaps a little more smoothly as the organic mechani.sm 
settled down to its work— just as a steam-engine goes more 
smoothly when it has been running for a while; but otherwise the 
action would continue unchanged. Instinctive behaviour would 
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remain unmodified throughout life. The chick, however, or the 
imago insect, is something more than this. It affords evidence 
of the accommodation of behaviour to varying circumstances. It 
so acts as to lead us to infer that there are centres of intelligent 
control through the action of which the automatic behaviour can 
be modified in accordance with the results of experience. When, 
for example, a young chick walks towards and pecks at a lady-bird, 
the like of which he has never before seen, the behaviour may be 
purely instinctive; and so, too, when he similarly seizes a wasp- 
larva. . . . But when, after a few trials, the chick leaves lady-birds 
unmolested while he seizes wasp-larvae with increased energy, he 
affords evidence of selection based on individual experience. And 
such selection implies intelligence in almost its simplest expression. 
We may say, therefore, that, whereas instinctive behaviour is 
prior to individual experience, intelligent behaviour is the outcome 
and prcduci such experience. This distinction is presumably 
clear enough; and it is one that is based on the facts of obser- 
vation. But we must not fail to notice that, though the logical 
distinction is quite clear, the acquired modifications of behaviour, 
which we speak of as intelligence, presuppose congenital [/>. in- 
herited] modes of response which are guided to finer issues. We 
may say then, that where these congenital modes of response take 
the form of instinctive behaviour, there is supplied a general plan 
of action which intelligence particularizes in such a manner as 
to produce accommodation to the conditions of existence.’* The 
quotation just given implies, what is no doubt true that in the 
course of mental evolution Instinct does not iecome Intelligence, 
but is gradually replaced hy it, i,e. inherited specialized behaviour 
is replaced more or less by self-specialized behaviour. The larger 
the amount of such replacement the greater the intelligence. And 
this enables us to understand the peculiar helplessness of the 
young of higher Mammals, especially those of our own species. 
The complex instincts of lower forms have been lost, and it takes 
a long time to learn how to act intelligently. The remark docs 
not apply to all helpless young, for in some of these, e.g, in nest- 
ling birds, such instincts are only deferred. The influence of 
strongly-developed parental affection is noticeable in both cases. 

To interpret the action of animals with any likelihood of 
accuracy it is necessary to avoid two extreme views of opposite 
kind. One of these ascribes almost human attributes to even the 
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lowest animals; it is a case of interpreting the observed in terms 
of the observer. The other and older view regards Man as the 
only intelligent animal, all the others being simply living machines 
worked by Instinct and Reflex Action. There has been in the 
past a great dearth of patient unbiassed observation on living 
animals, but the number of competent investigators is now 
fortunately increasing, and the results already obtained clearly 
point to the conclusion that extreme opinions in either direction 
are inadmissible. 

The difference between Instinct and Intelligence may also be 
realized by taking some metaphorical illustration. Let us then 
compare the successful adjustments of an animal to its environ- 
ment to the effective shots of a rifleman aiming at a series of 

targets. And let us also suppose that a certain minimum score is 
necessary for the maintenance of a bare existence, while marriage 
is only permitted as the reward of a good score. The shooting 
of such a rifleman would be comparable to the actions of an animal 
actuated by pure Instinct, if he were provided with a series of 

loaded rifles previously sighted and adjusted in such a way that 

he would merely have to press tjie triggers to mechanically secure 
a large number of points — a sort of ‘‘ you-press-the-button-and- 
we -do -the- rest ” arrangement. If the targets remained fixed the 
privileges attached to success would be easily secured. But the 
actions of life have to bring about adjustments to surroundings 
which are constantly altering, and this may be represented in the 
illustration by substituting moving targets for stationary ones. 
The purely “instinctive rifleman” would do pretty well if his 
targets moved but slightly, though bulFs-eyes would be infrequent, 
and his total would be smaller. But with increasing movement the 
percentage of hits would dwindle till first of all the prize of matri- 
mony would be denied him, and finally the score would be so 
small that even bare existence would not be permitted. 

Our illustration can easily be modified to represent the gradual 
replacement of Instinct by Intelligence. By endowing our im- 
aginary rifleman with increasing capacity to adjust his rifles, so as 
to secure a reasonable score with shifting targets, we make his 
shooting more and more intelligent, less and less instinctive. And 
were he simply given the loaded rifles, and left to learn the art of 
marksman.ship for himself, success would require a high degree of 
intelligence. The loaded rifles would represent the gift of inheri- 



VOUNO ORANG-UTANS {Stffiia safyrus 


The Orang-utan, a man-like ape native to Sumatra and Borneo, 
is characterized by the great relative length of its arms, a pecu- 
liarity associated with purely arboreal habits. The long hair is of 
a reddish colour. Orangs are undoubtedly very intelligent, and 
ihc rounded intellectual-looking forehead gives a very human 
appearance. The mental powers of the Gorilla and Chimpanzee, 
however, are more considerable, though the powerful brow-ridges 
which these forms possess greatly detract from their personal 
appearance. 

The Orang builds a kind of stick-nest in the fork of a tree as a 
**'**•■2 ■ ■’-rv shelter, from which it does not sally forth to feed uiitil 

the day is well advanced. Small family parties are commonly 
found associated together, though the male appiears to lead a soli- 
tary life during a large part of the year. The young are as helpless 
as those of the human species, and those which have been brought 
up in captivity present many similar traits. Their wants are ex- 
pressed by loud lamentations, and they protest loudly if their food 
is not to then taste. They also greatly appreciate being nursed 
and cuddled Unlike liuman infants, however, they are eager 
to be washed and combed. 
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tance ; but were there no profiting by experience most of the shots 
would go wide. Parental care might be here symbolized by sup- 
posing the raw beginner protected and instructed by an expert 
shot until the necessary experience had been acquired 

We do not know how far down in the scale of animal life some 
sort of consciousness exists, but the dawn of intelligence is marked 
by the appearance of what Lloyd Morgan calls “ effective con- 
sciousness ”, i,e. a realization of existence w^hich enables more or 
less successful adjustments to a changing environment. 

In ourselves we find Intelligence reinforced by Reason, the 
“ideational stage ” in mental evolution, where actions depend upon 
motive, instead of being due to mere impulse dictating certain 
sorts of behaviour “on the spur of the moment”. It involves 
appreciation of abstract ideas with powers of reflection and deliber- 
ation, leading us to trace the relations between cause and effect, 
and to cojistruci ideals of existence by which our conduct is more 
or less regulated. The dim beginnings of Reason are probably 
to be found among the higher animals, but the body of facts with 
which w^c are at present acquainted is far too small to justify 
])Obitive statements or wide-sweeping generalizations. 


INSTINCT AND INTELLIGENCE IN HIGHER INVERTE-* 
BRATLS (Ix\ hRIEBRAlA) 

The most instructive cases so far investigated are to be found 
among Insects (Insecta) and Molluscs (Mollusca), and it will be 
enough for our present purpose to briefly describe a few of these. 

IxsTlMT AND IXTlLLIGINtL IN InsIXTS (InsECTa). A gOod 

example of the stereotyped nature of complex instincts is given 
by Fabre (in Soitvcuirs eniomologiq7t€s) in his account of one of 
the Mason- Bees (Chalicodoma imiraf ia) native to South Europe. 
'Fhe female makes a nest consisting of nine or ten cells placed one 
on top of the other, using cement made of a mixture of earth and 
saliva, to w^hich little stones are added. After each cell is built 
it is stored with honey and pollen, after which an egg is laid in it, 
and a roof is added. The entire series is then thickly covered with 
cement till the nest assumes a hemispt rical form. The three 
operations of building, storing, and egg-laying which take place 
in regard to each cell follow one another with automatic regularity, 
and there is no harking back to an earlier sUge. For conditions 
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artificially imposed with a view to altering the order do not succeed 
in this, as they would do if the actions were of very intelligent 
kind. P'or example, a nest with fully-constructed top-cell partly 
stored w'as substituted for the original nest in which the uppermost 
cell had only been commenced. The bee did not apparently 
detect the imposture, and proceeded to raise the walls of the 
substituted cell till it was one-third greater than the normal height. 
In another experiment a bee had completed the construction of a 
cell, and was preparing to store it, when another nest with an in- 
complete top-chamber was substituted. On her return with honey 
and pollen she appeared greatly puzzled at the change, and finally 
deposited her load in the nest of a neighbour. The result of 
another similar experiment was somewhat different, for the bee 
removed the roof of the last complete cell and stored this a second 
time, afterwards laying a second egg in it. The last two experi- 
ments seem to prove the existence of a certain infusion of intelli- 
gence, as shown by the attempts to meet the altered circumstances, 
though these attempts were not of very satisfactory kind. It 
is somewhat remarkable that this bee is apparently unable to 
recognize its own nest, though we must not forget that its visual 
powers are of different kind from our own, but it has a well-marked 
memory for localities, returning to the spot selected for building- 
purposes from considerable distances. Fabre also showed that 
individuals removed as far as four kilometres from their nests, into 
what was probably unknown country to them, were able to find 
their way home. Quite a number of animals are endowed with 
a strong “homing faculty" of this kind, but how far this ma\ be 
due to a “locality sense" which cannot be explained by appl)ing 
the known principles of human physiology, it is as yet impossible 
to say. In this pjirticular instance, even if we were to assume 
that the bees had some previous acquaintance with the distant 
place to which they were taken, we should .still be (juite unable to 
explain exactly how they got home. Locality-memory, however, 
would seem to imply some amount of intelligence. Readers de- 
siring further details of the fascinating observations and experi- 
ments by Fabre on Mason- Bees and many other insects are 
referred to the original work, or the translation of the same which 
has recently appeared. 

Suggestions have more than once been made in the course of 
this book as to the kind of investigation which amateur naturalists 
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might profitably attempt The habits of Insects and other higher 
Invertebrates offer an inexhaustible and intensely-interesting field 
to multitudes of such workers. Accurate observations recorded 
with scrupulous exactness are here badly needed, and those who 
enlarge our knowledge in this direction are contributing to the 
advance of two branches of knowledge, zoology and the science 
of mind (psychology), not to mention sociology and education 
both of which are intimately connected with the latter. 

It is indispensable that observations on instinct and intelligence 
should be made with a perfectly open mind, and not with the 
object of collecting material for the support of this or that view. 
And it is peculiarly necessary to remember that the mental 
standard of human beings can only be applied with many reser- 
vations in explanation of the actions of animals, especially w*hen 
dealing w'ith creatures like Insects which, though of highly com- 
plex structure, have specialized on lines of their own. A series 
of observations made in this spirit, and which are not only of the 
utmost value but of absorbing interest, hav^e been recorded by Dr. 
and Mrs, Peckham {On ike Habits and Instincts of the Solitary 
U'afs). These insects have attracted m\ch attention on account 
of their habit of storing up caterpillars, flies, spiders, &c., for the 
benefit of their progeny, the victims having i)rcviously been stung 
(see vol. iii, p. 391). Instincts of very complex nature are here 
intoh ed, but the zoologists just mentioned have shown that these 
instincts are not so stereotyped as commonly supposed, there being 
a certain amount of adaptability to circumstances, whim is strong 
presum()tive proof of some degree of intelligence. Pure instinct 
is manifested by the fact that an) particular species of these wasps 
is al\va\s found to s(dect the same kind of prey, and, for a given 
species, there is so much uniformity in the mode of nest-construc- 
tion, the way of disabling the victims, the manner of taking them 
into the nest, <S:c., that instinct is undoubtedly the dominant factor. 
But. c.xcept in regard to the kind of prey, there is a sufficient 
amount of adjusinumt to varying circumstances to warrant the 
conclusion that intelligence also plays some part in the complex 
series of operations. It appears, for e.\ mple, that the prc) is not 
uniformly stung in the nerve-cord, as once believed, and it may be 
killed instead of paralysed by its injuries, proving in either case 
suitable food for the larvae. This certainly discounts the view 
that this part of the series of actions is stereotyped by instinct. 
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And a convincing proof of the power of profiting by experience 
which constitutes intelligence is given in a letter of Dr. Peckham’s, 
quoted by Lloyd Morgan (in Animal Behaviour^, in reference to 
a species {Spkcx uhncumonca) which preys upon grasshoppers, and 
after leaving them a short time while she makes an excursion into 
the nest, returns and drags them in by their feelers. One individual, 
being several times thwarted in her storing work by removal of 
the victim to a short distance when she was in the nest, soon 
learnt the inadvisability of losing sight of her booty, and either at 
once dragged it into the hole or, straddling over it, substituted 
pushing for pulling. 

One of the most remarkable points about the nesting-instinct 
in so many solitary insects is the elaborate provision made for the 
welfare of offspring which will never ho seen, and which commonly 
require food of quite different nature from that taken by the adult 
The parent would seem to be urged on by irresistible impulses, 
and can hardly be supposed to realize the meaning of its work, 
except perhaps in a very dim sort of way. Butterflies and Moths 
illustrate the food-question very clearly. It is true that they do 
not construct and store nests, like the solitary wasps just mentioned, 
but they instinctively lay their eggs on special sorts of plant, uj)on 
the leaves of which their voracious offspring are destined to feed. 
A Peacock Butterfly ( f'^amssa Io\ for example, selects a nettle 
for the purpose, but her own food consists of nectar drawn from 
the recesses of flowers by means of suctorial mouth-parts, differing 
greatly from the powerful biting jaws of the leaf-eating caterpillar. 
It is almost impossible to l^lieve that remembrance of her own 
larval da)s guides to the choice of a suitable place for egg-laying, 
for the caterpillar is conv ned into the adult by a series of revolu- 
tionary changes which amount to reconstruction. 

Instinct and Imclligence in Molluscs (Mollusc a). —Com- 
paratively few observations have been made U[X)n the members of 
this group, some of which are very highly organized. Several 
good illustrations of both instinct and intelligence have, however, 
been recorded. 

The Octopus is one of the highest Molluscs, and appears to 
be a very intelligent creature. Schneider saw a young one seize 
a hermit-crab and then let it go, being stung by the zoophytes 
covering its shell. For some time at least this individual was 
observed to avoid hermit-crabs, having learnt to associate them 
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with painful sensations. Other Octopi manifested still greater 
intelligence, for they pulled hermits out of their shells, taking care 
not to touch the zoophytes, realizing apparently that these were 
the stinging element. More remarkable than this is an observation 
made by Madame Jeannette Power. This lady on one occasion 
saw an Octopus, that held a stone by one of its arms, watching a 
large bivalve {Pinna) of which the shell was beginning to open. 
When this operation was complete the Octopus quickly inserted 
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the stone between the valves so as to prevent tlunii from coming 
together again, and then proceeded to make a meal of the helpless 
bivalve. 

Some of the Gastropods possess a well marked “homing 
instinct”, a particularly good example of this being afforded by 
the Common Limpet {Pah/la zu/oata, .062') As elsev^here 
described (see vol ii, p. i97) this crc.iture lives on a particular 
spot, which in course of time becom s a more or Ics. well- 
marked “scar”, to which it can hold so firml> as to defy wates 
and tide. From this home it wanders out to feed when un- 
covered by the water, and also when well covered. From such 
excursions, which may extend to a distance of several feet it 
later on returns to settle down again on the scar, the surface 
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traversed being often very irregular and covered with acorn- 
barnacles. When the animal gets baek to the scar it of course 
arrives wrong way on, so to speak, and it quickly shuffles round 
so as to get into the proper position. A memory of locality 
certainly exists, and this would seem to imply intelligence. In 
the course of time a Limpet acquires a very accurate knowledge 
of the topography of a fair-sized area around its home, and if 
picked up when on the crawl and placed within this area is abU' 
to get home, though the time taken varies considerably. Exactly 
hoiv it gets home we do not know. The simple ciip-likc eyes 
cannot render assistance, nor can we very well suppose that the 
otocysts help to guide it. Experiments appear to demonstrati' 
that the animal does not smell its way back, and wc are there- 
fore reduced to touch, or to a “ locality sense ”, or to both. The 
most obvious organs of touch are the two large tt'ntacles on 
the head, with which the Limpet constantly Knicht'S the rock a^ 
it crawls, and it is no doubt by means of these th.it a good 
deal of the to{X>graphical knowledge is acquired. But as it can 
get home without the aid of these orguns there must be some 
other organs of guidance. I'he edge of the mantle-flap is pro- 
vided with a very large niiml>er of small tentacles whicli can l>e 
stretched out and actively moved, as they are sometimes, if nut 
always, when the animal* is adjusting itself on its scar. These 
perhaps have .something to do with the matter, and so may still 
other sense-org.'ins, but further investigation is reijuired. The 
problem here to be solveil, like most of those coniucted with 
locality-knowledge, is of a particularly baffling kind, though not 
to be reg.irded as insoluble. The Garden-Snail {Helix a spe? is 
another Mollusc possessed of a “homing instinct” 

ins'unct and intelligence in vertebrates 

(Vi RTI.IJKAIA) 

There is here an almost unlimited amount of materi.il which 
might be di.scussed, but a few examples must suffice. 

Wakmno Coi.(»kati()n. — A large number of animals pos- 
sessed of noxious properties advertise their objectionable nature 
by means of bright though somewhat crude colours, and simj)le 
but striking patterns, the net result of which is to render 
them extremely cor^picuous (.see vol. ii. p. 301). Such are the 
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Striped blazer ” of the Wasp, and the spotted jacket of the 
Lady- Bird. Unless very hard pressed by hunger it appears 
that the foies of animals so coloured and marked give them a 
wide berth. , But without careful observation and exp)eriment 
it would remain an open question whether this resulted from 
Instinct or Intelligence, or a mixture of the two. The cases 
which have so far been properly investigated appear to prove 
that Intelligence here comes into play, and that a young animal 
has to learn from experience that some things arc good to eat 
and others not. The thorough and long-continued researches 
of Lloyd Morgan upon artificially - hatched chicks definitely 
prove that they at least have to acquire such useful knowledge 
for themselves. He thus describes (in Aniinal Behaviour) how 
some of his chicks learnt that alternate bands of black and 
orange, as possessed by the caterpillars of the Cinnabar Moth, 
are associated with disagreeable sensations: — “The following 
experiment was made with young chicks. Stripes of orange and 
black paper were pasted beneath glass slips, and on them meal 
moistened with quinine was placed. On other plain slips meal 
moistened with water was provided. The young birds soon 
learnt to avoid the bitter meal, and then would not touch plain 
meal if it was offered on the banded slip. And these birds, 
save in two instances, refused to touch cinnabar caterpillars, 
which were new to their experience. They did not, like other 
birds, have to l(*arn by particular trials that lh(\se catcr[;!llars are 
unpleasant. Their experience had already be(‘n gained through 
the banded glass slips; or so it seemed. I have also found that 
\()ung birds who had learnt to avoid cinnabar caterpillars left 
wasps untouched.” 

Ni:st-Bi ji.dixg in Birds. - There can be no reasonable doubt 
that in its main features the nest-building of birds is a maiter of 
instinct. One of the best proofs of this is afforded by cases 
where individuals kept in captivity from the time of hatching, 
under conditions which excluded the possibility of instruction or 
imitation, have neverthelc.ss constructed nests of the kind proper 
to their species. Further experiments, he • ever, are much to be 
desired, especially on birds which indulge in architecture of such 
characteristic kind as to be quite unmistakable. It would, of 
course, be necessary to make the nesting conditions in such cases 
as natural as possible. Other instincts, tending to the benefit 
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of the eggs or young, are often associated with that for nest- 
building. Of this the Eider-Duck {Sontateria mollissima, fig. 
1063) may be taken as an example. Egg-laying and building 

are here not consecutive acts, but 
the former takes place at intervals 
during the latter, in a somewhat 
variable fashion. Three succes- 
sive stages are shown in the illus- 
tration, which is taken from photo- 
graphs by Mr. R. A. L. \'an 
Someren. The first represents 
four eggs resting in the incom- 
plete nest, and the second (on a 
larger scale) the com[)lete tlcmn- 
lined nest with its full complement 
of eggs. The third figure* shows 
the siime nest during the tem- 
porary absence of the mcnhcT-hird, 
and illustrates an inter(‘sting «is- 
sociated instinct. Before leaving 
her duties she had pulled tht 
down over the eggs, so .is to 
cover them CDm[>letelv, <in .i(t dis- 
tinctl) conducive to lluir \\f‘lfaie 
For, snugly tucked up und( r thf ir 
“ eider-tlown quilt ”, they vvfrc luit 
only kept warm, hut .ilso, as tlv 
figure clearly proves, t flcctiv c 1\ 
screened from observation. 

Ikit although nest building is 
almost certainK instinctivi* in the 
main, it is subjict to modiiir.uion 
in individual cases in ways which 
vouch for the intelligence of the* 
builders. And such modification 
may affect the style, materials, 
and place of construction. Often- 
quoted illustrations are those of the House-Swallow and House- 
Martin, which have taken aclvanutge of the evolution of human 
civilization so far as concerned with domestic architecture. 
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This change of habit, of course, took place ’n the remote 
past, but the following very interesting modern example of pre- 
cisely similar kind is given by Headley (in The Structure and 
Life of Birds ): — “The Palm Swift in Jamaica till 1854 always 
built in palms. But in Spanish Town, when two cocoa-nut palms 
were blown down, they drove out the Swallows from the Piazza 
of the House of Assembly and built between the angles formed 
by the beams and joists.” Of other such cases Newton thus 
writes (in A Dictionary of Birds ): — “But though in a general 
way the dictates of hereditary instinct are rigidly observed by 
Birds in many species a remarkable degree of elasticity is 
exhibited or the nile of habit is rudely broken. Thus, the 
noble Falcon, whose ordinary eyry is on the beetling cliff, 
will for the convenience of procuring prey condescend to lay 
its eggs on the ground in a marsh, or appropriate the nest of 
some other bird in a tree. The Golden Eagle, too, remark- 
ably adapts itself to circumstances, now rearing its young on a 
precipitous ledge, now on the arm of an ancient monarch of the 
forest, and again on a treeless plain, making a humble home 
amid grass and herbage. Herons also show the same versa- 
tility, and will breed according to circumstances in an open fen, 
on sea-banks, or (as is most usual) on lofty trees. Such changes 
are easy to understand. 'Phe instinct of finding food for the 
family is predominant, and where most food is, there will the 
feeders be gathered together. This explains, in all likelihood, 
the associated bands of (Ospreys or Fish- Hawks, which in North 
America breed (or used to breed) in large companies where 
sustenance is plentiful, though in the Old World the same species 
brooks not the society of aught but its mate.” 

Migration of Birds. — Nothing can be more familiar than 
the fact that innumerable species of birds undertake periodic 
journeys, often of extreme length, from one region to another, 
and at the same time nothing in the entire realm of natural 
history is more mysterious. Broadly speaking, the same migrant 
species has its own line of travel between its *‘wo places of 
residence. The Golden Plovers, for t sample, of the northern 
part of North America, fly south to the north of South America 
via the Bermudas and Antilles. The paths of a number of 
species are more or less coincident, in many cases, to form 
what is known as a “ migration route”, and some of these routes 
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have been determined with some approach to accuracy. A vast 
number of facts concerning migration have already been collected, 
and these receive large additions every year, so that in the course 
of time we may expect to have a fairly complete knowledge of 
the movements of many migratory birds. To discover how they 
find their way is a much more difficult problem, especially in cases 
where there can have been no previous experience. Many of 
them, e,g, the Common White Stork {Cicoyiia alba), “assemble'* 
before migration, as if to practise their powers of flight, and the 
writer once saw the roof-ridgcs in the street of a midland town 
“ lined with hundreds of swallows at 6 a.m. one morning, less 
than two hours after which all had disappeared. It has been 
suggested that the old birds imjxirt geographical knowledge to 
the young, and also that the migrant flocks are “pKTsonally con- 
ducted ” by experienced leaders. But many well-ascertained facts 
militate strongly against such views, at any rate for certain spn^cies. 
Some young birds go off by themselves, even the first tin^e tht y 
migrate, and this may take place under conditions which pre- 
clude the possibility of their having previously actjuired informa- 
tion from their ciders. The Common Cuckoo [Cucuiits canous), 
for example, winters in Africa, and, as everyone knows, its off- 
spring are reared by other birds. The old Cuckoos hav’e all left 
this country by the end of August, and the young un(‘s lake 
their departure later. In such a case wc* cannot doubt tlu* ex- 
istence of a “ migratory instinct but how far this is modified 
by intelligence has yet to be determined. We arc equally igno- 
rant as to the sense-organs which are the agents of llu^ instinct, 
and its possible modifications by intelligence, even more than 
we are in the cases of insects and molluscs which possess a 
keen .sense of locality. We ourselves are not entirely devoid of 
a faculty of the kind, and it appears to be comparatively well 
developed in savage races. It is to be hojjed that extended 
observation and experiment will some day throw more light upon 
the subject, till when it will be wise to suspend our judgment, 
and remain in a critical attitude, rather than indulge in prema- 
ture generalization. It is scarcely necessary to add that there is 
room for a host of unprejudiced observers in this field of work. 



WHITE STORKS {Ctcouiu al&u) ASSEMBLING 
FOR MIGRATION 


The seasonal Migration of many birds is a phenomenon familiar 
to all, and one which, in spite of much research, is still but little 
understood. Food-supply has no doubt much to do with it, but 
the reasons for migration are the least mysterious part of the 
matter. Mouu birds arc able to hnd their way over vast siret^'hcs 
of land and sea to regions suitable for their purposes present 

quite beyond our comprehension. In most cases it appicars that 
the young birds are the lirst to depart on what must be for them 
all ui**vf»'>wn journey, which greatly adds tn the difticulty of the 
problem to be solved. One of the best-known migratory birds is 
the White .Stork, the rough stick-nests of which are such common 
objects on roofs and chimneys in Holland, I>cnmark, and North 
Germany. The locality-sense is strongly developed, for year after 
year a nest is tenanted the same pair of birds. They arrive in 
spring, leaving again in late summer, by which time the young are 
well grown. Before their departure they “assemble” in large 
numbers on the meadows, and fly aw^ay in troops, some of which 
have been estimated to include as many as five thousand indi- 
viduals. They winter in Africa, some of them getting as far south 
as Cape Colony. 
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ASSOCIATION OF ORGANISMS- 
THE WEB OF LIFE 


CHAPTER LX 

ASSOCIATION OF ORGANISMS— GENERAL PRINCIPLES— 
ANIMALS AND PLANTS 

GENERAL PRINCIPLES 

The of natural science during the last half-century has 

advanced so rapidly that it is no longer possible for one man to 
grapple seriously even with a single subject, and there is an ever- 
increasing tendency towards specialization. No doubt the sum of 
our knowledge is thereby constantly being increased at a rate which 
would otherwise be impossible, but theie is another side to the 
question. For extreme specialization is somewhat apt to lead to a 
neglect of general principles, and to a more or less complete loss of 
the sense of proportion. To be unable to see the wood on account 
of the trees is bad enough, but to have one’s vision restricted to a 
single tree, or perhaps a single branch, is very muih worse. In 
no department of knowledge is the cramping tendency of special- 
ization more apparent than in natural history. There seemed at 
one time a chance of establishing a science of Biology, designed to 
deal with both plants and animals, but this has now been merged 
into botany on the one hand and zoology on the other, and many 
of the important relations that exist between plants and animals 
are not given the prominence which they undoubtedly deserve. 
This cannot altogether be helped, but even under existing circum- 
stances it is both desirable and possible that work of specialist 
kind should be preceded by studies of a wider and more general 
nature. This is one of the aims of i n new subject of Nature- 
Study, so far as biology and geology are concerned, another object 
being to foster that intelligent interest in and accurate observation 
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of natural objects upon which much of the future happiness of our 
embryo citizens will deTpend. K properly taught as a connected 
whole, and pot as a string of isolated facts (to be “learnt”), this 
subject ought to fare better than physiography and general ele- 
mentary science, which, though designed with the laudable inten- 
tion of giving a broad foundation in non -biological science, are 
now somewhat discredited. 

The relations which bind together the innumerable plants and 
animals now living on the globe are so numerous, and often so 
complex, that from this point of view the world has been com- 
pared to a spider’s-web of elaborate texture, in which all the 
threads are directly or indirectly connected, so that when one is 
touched the entire structure is thrown into vibration. 

It is not within the scope of this work to deal with the com- 
plex relations which link together the members of the vegetable 
kingdom, and students who desire information of this kind are 
referred to the English edition of Schimpers Plant Geography, 
to Kerner von Marilaun s altogether admirable book The Natural 
History of Plants, and also to Scott Elliot’s Nature Studies, which 
gives an excellent account of the leading facts and principles in 
small compass. But it may be well to attempt here a brief 
description of the salient features which mark the relations exist- 
ing between plants and anjmals. This is much more fully dealt 
with by the authors just mentioned. 

PLANTS AND ANIMALS 

It may not be superfluous to remark here that"\he vegetable 
world is divided into the following great groups, beginning with 
the highest: — i. Seed Plants (Spermaphyta), including most of 
the large and obvious forms, such as ordinary forest-trees and 
the inhabitants of our flower-gardens. 2. Fern -like Plants 
( Pteridophy ta), comprising not only ferns, but also horse-tails, 
club-mosses, &c. 3. Mosses and Liverworts (Bryophyta). 

4. Lower Plants (Thallophyta), in which the body is not divided 
into stem, root, and leaf, or such a division is only incipient 
Multitudes of Thallophytes are minute or microscopic, and in any 
case they may broadly be assigned to one of three sub-groups: 
(a) Alga, embracing brown, green, and red sea-weeds (with a 
smaller number of freshwater weeds), with a host of smaller 
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forms living not only in water but in most damp places; 

Pungiy including toad-stools, moulds, mildews, the microscopic 
yeast-plants, and the still smaller bacteria; and (c) Lichens^ which 
are intimately connected communities of algie and fungi. 

All these plants, except fungi (and a few seed-plants), contain 
leaf-green or chlorophyll, a substance of great biological import- 
ance, as elsewhere explained. It is convenient to distinguish 
forms which possess it as “green plants”, thouj^h the chlorophyll 
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may be obscured by the presence of other pigments, as, for 
example, in brown and red sea- weeds. 

Relations bftwlin Organisms and the Constitufnts of 
IHK Atmospiierf (fig. 1064). — III considerinc; this question it must 
not be forgotten that the gases which arc mixed together in air 
are also found dissolved in both fiesh and salt water, and the 
relations between these dissolved gases and aquatic organisms are 
firetty much the same as those subsisting between ordinary air and 
land organisms. The most important of these gases are carbon 
dioxide (carbonic acid gas, CO^), oxygen, and nitrogen. It has 
already b^en explained in the section on Breathing (vol. ii, p. 379) 
that plants and animals respire in the same way, taking in oxygen 
to facilitate the breaking-down processes which continually go 
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on in the body, and giving out carbon dioxide as a product of 
waste. It is quite a mistake to suppose that plants “breathe in 
Ccirlx>n dioxide and breathe out oxygen”, as often supposed. If 
there were not some compensating arrangement, it is clear that 
the amount of oxygen in air would rapidly diminish and the 
quantity of carbon dioxide rapidly increase. But it appeiirs that 
this is not so, for the composition of air remains practically the 
same, at least for very long periods of time, though probitbly in 
earliei' periods of the earth s history its constituent gases were in 
difierent proportions from what is now' the case. This constancy 
of comptjsition at the present day is intelligible w'hen we re- 
member how' green plants feed, and of what their fo(xl consists. 
Such plants, in fact, briclge over in a fashion the gulf between 
non-living and living matter. For their food consists of carbon 
dioxide (obtained from the air), and water in which arc dissolved 
certain substances of simple kind, foremost among these being 
nitrogen -containing comix)unds known as nitrates, of which s;dt- 
peire is a welbknown example. In any sort of tree, shrub, or 
herb the carbon dioxide is taken in by the leaves (and the green 
part of the stem), while the roots absorb from the soil a watery 
s(>Iution of nitrates, etc., so dilute as to be conqxiraidt* to the 
ordinary drinking water of most districts. These simple con- 
stituents of the food are converted step by step into the living 
substance of the plant by the agency of that substance* itself. 
The first step in this series of up building })rocesses takes place in 
the leaves (and the gn'cn parts of the stem), and cr)nsists in a 
reaction l)etween carbon dioxide and water, giving rise to a sub- 
stance which is more complex in nature than cither of them. 
This can only go on in daylight and in the presence of chloro- 
phyll, which in some way not clearly understood enables the living 
substance associated with it to press the energy of sunlight into its 
service for the pur{)os(! of building up a compiiratively complex 
substance from simple ones. And this first step in the manufac- 
ture of living matter is accompanied by the liberation of fr(*e 
oxygen into the surrounding air as a by-product. I'or the 
carbon dioxide and water, which are the rave materials in this 
work, contain mf)rc oxygen than is required for the purpose, and 
the suq^lus passes away to the exterior. It therefore follows that 
green plants in the course of their feeding (i) lake carbon dioxide 
/rom the air, and (2) give out free oxygen to the air. And these 
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gases are respectively taken in and given out in such proportions 
that the amount of carbon dioxide in the air does not rapidly grow 
larger, and the amount of free oxygen rapidly get smaller, as 
would undoubtedly be the case if the results of breathing were not 
com|.)ensated. 

1 he action and reaction between organisms and the air also 
involve chemical processes which have to do with nitrogen, and in 
which a leading part is played by various bacteria which live in 
the soil. Green plants get the nitrogen which they require for 
feeding purposes in the form of dissolved nitrates, which are 
deriv^ed from more than one source. It is a familiar fact that 
ordinary earth or soil, such as is to be found in a garden, is more 
or less dark in colour, largely as the result of the presence of 
organic matter. This partly consists of the remains of organisms 
which have died and decayed, and partly of substances derived 
from the nitrogen-containing excreta of animals. The rotting, 
decomposition, or breaking down of such materials is the result 
of chemical changes brought about by certain bacteria in the 
presemee of oxygen, with production of ammonia compounds. 
Another set of bacteria convert these compounds into salts known 
as nitrites, from which nitrates are then produced by the action of 
still another group of bacteria. The nitrates serve as food to 
green plants, which in their turn are devoured by animals. We 
thus see that by the death and decay of organisms material is 
produced which helps to build up the bodies of new generations. 
This, however, is not the only source of nitrates in the soil, for 
what are known as nitrifying bacteria are there present, which 
possess the remarkable power of abstracting fr^e nitrogen from 
the air, and causing it to enter into combination. There is 
another arrangement by which, in leguminous and a few other 
plants, the same end is attained. If, say, a pea or bean-plant is 
dug up, and the earth washed away from its roots, these will be 
found to bear a number of rounded thickenings. Within each 
such “ root-tubercle ’’ live a number of microscopic fungi (possibly 
bacteria) that appropriate the free nitrogen of the air which circu- 
lates in the soil, employing it to build up nitrates. We have here 
a striking example of Mutualism (symbiosis), i,e, the intimate 
association of two organisms for their common benefit. The 
leguminous plant has a supply of nitriites ready to hand, while 
the tubercle- fungus is sheltered, and no doubt nourished. 
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It is clear that by the action of nitrifying bacteria and tubercle’ 
fungi the nitrogen of the air is steadily diminished, but here again 
we find a means of compensation. For there are certain denitrify- 
ing bacteria, which, in the absence of oxygen, act upon decaying 
organic matter in such a way that free nitrogen is liberated. 

Relations between the Nutrition ok Plants and Animals. 
— A little reflection will show that animals are entirely dependent 
upon plants in the matter of food. This is obviously so as 
regards purely vegetarian animals, while carnivorous forms are 
indirectly dependent upon the vegetable world. Many flesh- 
eaters feed entirely upon vegetarians, but if they prey upon other 
flesh-eaters, and these again upon still other carnivorous creatures, 
and so on, we get to plants in the end. 

Plants, considered as food for animals, have been concerned 
in the evolution of burrowing, climbing, parachuting, and flying 
forms, especially the last three. (For details, see vol. iii, pp. 
231, 281, 292.) 

On the other hand, animals contribute to the store of plant 
food. For, as we have already seen (pp. 65-07), they br(‘athe 
out carbon dioxide, which green plants take up, while their nitro- 
genous excreta and dead bodies are partly converted into nitrate's, 
which the same plants are able to use for the purposes of nutrition. 

There are also a number of Carnivorous Plants, which do 
not altogether rely upon simple substances as fowl, but arc 
provided with “traps” for the capture and digestion of insects or 
other small creatures. One of Darwin’s most interesting books 
{Insectivorous Plants) is devoted to these forms, some of which 
ace. native to our own country, while several others may be seen 
in botanic gardens. One of the simplest kinds of arrangement is 
seen in the Butterwort {Pinguicula), that is often to be found 
growing in damp places among our mountains. The [lale-green 
slippery leaves are arranged in a rosette, from the centre of 
which violet flowers grow up. Small flies alighting on the leaves 
are held fast by a sticky fluid, secreted by a multitude of I'ttle 
knobbed hairs which project from the surface. The edges of the 
leaves then curl over the prey, and there is an increased exudation 
of the fluid in question, which acts very much like gastric juice, 
converting the flesh of the booty into a soluble form that is 
then absorbed as food. The widely distributed members of the 
Sundew family (Droseracea) exhibit greater specialization in 
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relation to the catching of insects than the Butterworts, though 
the means employed are essentially the same. Our native forms, 
the Sundews (species of Drosera), are fairly common in marshy 
places, and are often found growing side by side with the Butter- 
wort. Here, again, the leaves are arranged in a rosette, from the 
centre of which rises a stem bearing a number of small flowers. 
The end of each leaf is thickly studded with long reddish 
“ tentacles ”, shaped something like pins, upon the heads of which 
are little drops of sticky fluid that glisten like dew (fig. 1065). 



Fie 1063 —The Sundew pKVtrrt’l i, lip of a temacle greatly enlarged, showing ms< id secrcu i i, 3, 4, I eaves 
enlargei), shuwmg centacles fully extended, pirily approximated, and entircl> appru* i laled 


tentacles bend towards it, there is an increased flow of the diges- 
tive juice, and the final result is the same as in a Butterwort. 

Venus’ Fly-Trap ^Ihoncra jnuscipula), growing on marshy 
ground in the east of the United States, is a near relative of our 
Sundews, but its “traps” are much more elaborate (fig. 1066). 
The end of each leaf is divided into halves which can move 
towards each other almost as on a hinge, while their edges are 
fringed with bristles. The upper side of each half is studded 
with small violet hairs, which secrete a digestive fluid, and three 
large sensitive hairs project from its centre. If an insect happens 
to visit one of these leaves, and touches one or more of the six 
sensitive hairs, the result is somewhat dramatic. For the halves 
of the leaf close rapidly together, the bristles on their edges inter- 
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locking, so that a very perfect trap is constituted, in which there 
is plenty of room for an average victim, since as the two halves 
move together they become concave towards each other. As in 
the other cases, digestion and absorption complete the tragedy. 

Among the most notorious of carnivorous forms are the widely- 
distributed Pitcher Plants, in which the leaves are hollowed into 
structures which may be described as a combination of lure, pit- 



Fig 1066 — Venus H> Trip Dtorura mnsctp^la) 


fall, and stomach. Such are the s|)ecifs of Nepenthes, which 
range from Madagascar through South Asia and the Hast Indies 
to the Philippines. In this case the lidded pitchers lock some- 
thing like hot-water jugs, and are attractively coloured. The 
way in which they serve their purpose is thus described by 
Kerner (in The Nahiral History of Plants^ — “ The bright 
pitchers of Nepenthes, visible from afar, are* sought, just as flowers 
are, by insects, and probably by other winged creatures as well; 
and this occurs all the more because there is a copious secretion 
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of honey by the epidermal cells upon the under surface of the 
lid, and on the rim round the mouth of each pitcher. The 
swollen and often delicately-fluted rim, in particular, drips and 
glitters with the sugary juice, and it would be permissible in 
this connection to speak of a honeyed mouth and sweet lips in 
the most literal sense of the words. Animals which suck honey 
Irom the lips of Nepenthes pitchers wander, as they do so, only 
too readily upon the interior surface of the orifice. But the 
inner face is smooth and precipitous, and rendered so slippery 
by a bluish coating of wax that not a few of the alighted guests 
slip down to the bottom of the pitcher and fall into the liquid 
there collected. Many of them perish in a short time; others 
try to save themselves by climbing up the internal face of the 
pitcher, but they always slip again on the polished, wax-coated 
zone, and tumble back once more to the bottom.” In some 
species the inwardly bent rim of the pitcher is fringed with 
sharp teeth which curve downwards and facilitate entry but 
forbid exit. 

x^nother very interesting Pitcher-Plant {Sarracenia variolaris), 
native to the marshes of Alabama, Carolina, and Florida, presents 
arrangements of somewhat different kind. It possesses a rosette 
of elongated hollow leaves, of which the ends bend sharply over 
like hoods. The narrow opening of a pitcher is just under the 
hood, from wdiich a little tlap hangs down. Allurement by colour 
is not wanting, for though most ot each pitcher is green, its 
hooded top is veined with red, and there are purple blotches 
here and there. In this region, too, there are numerous trans- 
lucent patches between the veins, which from inside the pitcher 
must look like openings or “ w indows As in Nepenthes^ 
honey is provided on the inner surface of the hood and round 
the margin of the aperture, from which a sugary ridge runs 
right down to the ground, serving as an attractive but fatal 
pathway to many wingless insects, especially ants. The pitcher 
is a pitfall of the deadliest kind, for its interior is clothed with 
slippery overlapping scales, of which the narrow pointed ends 
are directed downwards, so that insects, once imprisoned, are 
quite unable to climb out again. And if a winged insect tries 
to fly out it naturally makes for the apparent windows in the 
hood, for the actual opening faces downwards and is veiled in 
darkness, and in most cases falls back exhausted into the putrid 
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fluid which fills the lower part of its prison. The unfortunate 
victims are not digested, as in Nepenthes, but either drown or 
starve, after which their bodies decompose to form a sort of 
liquid manure, parts of which are no doubt absorbed as food. 
Yet, strange to say, a few flies, and a small moth, regularly lay 
their eggs in the decomposing mass contained in these pitchers, 
and possess climbing-irons, so to speak, which enable them to 
get out again with the greatest ease. One such form is a 
species of Blow -Fly i^Sarcophaga Sarracenice), own cousin to 
the speckled nuisance {S. camaria) that lays her eggs in our 
meat, and to which we give the same name. Each foot of this 
fly is possessed of a long and sharp claw, which can be pushed 
between the scales of the pitcher, and firmly. fixed into the under- 
lying tissue. The maggots which hatch out of her eggs feed on 
the putrefying substances surrounding them until they arc full 
grown, when they easily get out of the pitcher, not by climbing, 
which would be imjx)ssible in their case, but by the simple device 
of eating a hole in the wall. Once outside, they enter the ground, 
and there pass into the motionless pupa stage, from which the adult 
fly later on emerges. The small moth [Xanthoptcra snnicrocea) 
for which the Sarracenia pitchers have no terrors is adapted for 
climbing in much the same way as the Blow- Fly. For each of 
the second legs possesses a pair of long sharp spines at the end 
of its shin (tibia), while two pairs of such spines are similarly 
situated on each of the hind-legs. The caterpillars do not, like 
the fly- maggots, eat their way out of the pitcher, but climb out, 
though in quite a different way from their mother. Their solution 
of the problem is equally effective, for they .spin a web of silken 
threads over the slippery scales, and thus secure the necessary 
foothold. 

All the carnivorous forms so far mentioned, though they 
live in marshy places, are land plants, more or less perfectly 
adapted for the capture of insects and other small terrestrial 
animals. Some of them, however, have aquatic relatives, which 
are to be found floating in ditches and ponds, where they prey 
chiefly upon small crustaceans, such as water-fleas, mussel-shrimps, 
and copepods, though the larvae of gnats and other insects are also 
among their victims, besides which they catch large numbers of 
the minute motile plants known as Diatoms. The floating habit 
conduces to success in this matter, for small crustaceans, &c., are 
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PITCHER-PLANTS (NEPENTHES DESTILLATORIA) AT THE 
EDGE OF A TROPICAL POOL 
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most abundant at or near the surface. Among these aquatic 
carnivores are certain small cousins (species of Aldrovandid) of 
Venus' Fly-Trap, which are specialized in much the same way. 
They are native to South and Central Europe, India, and Aus- 
tralia. 

The Bladderworts (species of Utricularia, fig. 1067) are widely- 
distributed ditch -plants, closely related to the Butterworts, and 



Fig 1067 — Bladderwortt 


represented in the Britisii flora. They feed in part upon small 
aquatic organisms, and catch their prey in little bladder-like traps 
formed by modification of parts of the feathery leaves (fig. 1068). 
Each of these snares is not unlike a large water-flea in shape, 
and the resemblance is greatly increase -I by the presence of two 
branching bristles at the free end. Here, too, is placed the small 
opening into the bladder, guarded by a little transparent flap 
serving as a door, which opens inwards with the greatest ease, 
but prevents exit Why little creatures should be attracted to 
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these traps is by no means clear, but minute crustaceans, &c., 
are fond of prying into holes and corners in search of food, while 
some of them may make use of the two branching bristles as a 
place of refuge from their enemies. And as the two bristles act 
as guides to the mouth of the trap the result is often tragic 
Slimy hairs grew in this dangerous neighbourhood, which pos- 
sibly have attractions to offer, while the little transparent door 



Fi„ — lrap*i of HLaUilcr^urt (/' ^tuuiarta , enlarged. », Exi'^mal view a, Loni^iiuuui.tl scuiion. 
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must look like a spot of light, and perhaps acts as a lure. It is 
at any rate certain that victims are numerous, anti their decom- 
posed remains are absorbed by curious branched hairs which 
line the trap. The prey is apparently not digested as in Suntlews 
and Butterwort-i. 

The remaining topics dealt with in this chapter also mon' or 
less involve questions of nutrition, but are placed under separate 
headings h)r the sake of clearness. 


ASSOCIATION OF Pf.ANTS AND ANIMALS AS MESSMATES, 
MUTL ALISTS, AND PARASITES 

CoMMEX.SALisM. — 1 ' > associated organisms are known as 
Messmates or Comme isah vvhf.n they live together to the beneht 
of one or both; the i nion, however, not being of so intimate a 
nature as to be e.ssential to the life of either. The term commen- 
salism was coined to express such relations as existing bet^^een 
different animals, but liiere appears to be no reason w^hy its mean- 
ing should not be extended to cover cases where two plants, or a 
plant and an animal, are similarly related. As an insuince of the 
former we may take those tropical Orchids which regularly live 
upon trees, and are on that account said to bt‘ Epiphytes (Ok 
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€p{, upon; pkyton, a plant). The advantage to the Orchids is 
obvious, though they do not absorb the sap of the plants upon 
which they live. These last, however, apparently derive no 
benefit from this one-sided arrangement. 

There are numerous cases of commen- 
salism between plants and animals in which 
the latter alone are benefited. In one of the 
I liverworts i^Frullania dilatata, fig. 1069) 
which grow on tree-trunks there are little 
cup -like outgrowths on the under sides of 
the leaves, serving as the abodes of a species 
of Wdicel-Animalcule (Calliduia sy})d)iotica\ 

Marine jdants often IxMr animals as mess- 
niau s, which do them no harm. On a kind 
of brown sea-weed (^Fiiais b^cvratitd), for ex- 
ample, ar‘ . frequenll) to bt^ seen the little 
sj)iial tubes ot a sort of Annelid \^Spirorbn)y 
whidi in') doubt s<‘cures an in(iea->ed su}>i)ly 
of nutriment and dissoixed o\)g^*n by being 
mo\t‘d about in the wat a* when i1k‘ tide is 
up 'I he Australian Sea-Hors(‘ (Jdn V(p- 
/<7 rv ri//'rs) also benefits b\ its <issociation 
with the sea-we(‘ds to which it bears a 
R'semblaiK e (see vol. ii. p 2()6) 

Some inst inccs arc known ol cotninen- 
.salism brtweeii a j>lant and an aium d, in 
which both deri\(‘ acKanUigt* liom the as- 
sc'ciation. Ant-plants iliiisliate such an 
arrangement (s(*e j>. eSr), ,md so do the 
Sloths of South America, in which minute 
alg<e live in tlie groo\ es ol tlu* fiuted 
hairs. For these alga* are pro\ ided willi 
a sheltered home*, and at the same time 
give a greenish tint to the hairs, the 
Sloths being thereby rendered less conspicuous to their enemies. 

Mutualism (Symbiosis). —Organisms living together as Mutu- 
alists are very intimately associated for 'mtual benefit. Miitualisrti 
between tw'o plants is well illustrated by kguminous forms and 
the minute fungi which live in the tubercles on their roots. And 
every Lichen may be regarded as a joint-stock community, con- 




Pig nA ”ir<* of a Liverwort 
{rruilfttm tiiiafit'.i ^ showing tups 
in winch a K tilii i aHnunn sjM- 
hoti hsC' eiil iigeil 1 he small 
drauiiig u .it I ’ I nip with ith Rotifer 
'furthi r Cl l.irgcd 


76 ASSOCIATION OF ORGANISMS— THE WEB OF LIFE 


sisting as it does of an alga and a fungus closely interwoven 
(fig. 1070). 

Animals and plants may also be associated in an intimate 
way. It appears, for example, that tlie process of digestion in 
many animals is aided by certain bacteria which always live in 
their internal organs, as, Sarcina vcntriculi in the human 

stomach (fig. 1073). Bacteria of the sort are provided with a 
sheltered home and abundant food. Among the Animalcules 
(Protozoa) a well-known example is afforded by some of the 
Radiolaria, which always contain so-called “yellow cells”, that 

are regarded as a kind of alga (fig. 
1071). I'hese cells are not only shel- 
tered, but also absorb carbon tlio\idt‘, 
water, and salts from the fluids of the 
Kadiolarian, which in its turn is pro- 
vided with abundant free oxygen for 
breathing purposes, and possibly bent* 
fits in other ways. A somewhat similar 
association between some Sea i\ne- 
mones and minute alg^e has be(‘n de- 
scribed. It is, however, possible that 
“yellow' re*lls” and “alga*” are not 
j)lants at <ill, but sjK'cialized j)arts of the 

to7Cik —C r'>s< non through 1 1 . . . it' \ 

(Ct»tf/i».«,shtv,.rgiheroK.irif'N«hr-.(i>of ' Kay Anmitdcules and Se<i iVnemones 

tk« Fuoeuit, ari'i th ^ J ith. ne<.ktace like hla- .1 1 

m«n« obh; Alga thcmsel ves. 

l^\Kv^ITIs^!. An organism is known 
as a parasite when it feeds upon the substame of another or 
ganism, to the serious or fatal detriment of this unwilling “host”. 
An ectoparasite lives on the outside of its host; an rndoparasitc 
within it. 

Many plants prey upon other plants in one way or the other. 
Clover- Dodder [Cuscuta), for example, is ectoparasitic upon 
Clover, while various fungi live as endoparasites within higher 
plants, e.g. Potato-P’ungus {Pbytoplitho 7 'a infestans) within the 
tissues of the Potato plant. 

A large number of plants are known which are endoparasitic 
with regard to animals. In autumn many dead flies will be seen 
adhering to various objects by a sort of fluffy halo which sur- 
rounds them. These have been killed by the Fly-Mould (Zfw- 
pusa muscce, fig. 1072), the delicate threads of which branch in 
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all directions through their tissues. Other fungi attack various 
caterpillars, e,g, the silk-worm disease known as “ muscardine is 
due to the Silk-worm Mould (a species of Cordiceps). A number 



F.g 1071 — A Ray Animalcule {Amcknocorys circnmteAia with yellow cells (a), much enlarged 


of skin-diseases, such as ringworm and “baibers’ rash ire caused 
by parasitic plants of somewhat similar nature. 

But the most notable, and at the same time the smallest, of 



the endoparasitic plants which attack animals are certain kinds 
of bacteria, which may literally swarm within the 
body, and give rise to a host of diseases, such as 
relapsing fever, typhoid, leprosy, Asiatic cholera, 
tuberculosis, diphtheria, anthrax, lock-jaw, and 
bubonic plague. Some idea of the small size of 
bacteria will be gathered from fig. 1073, or from 
statements that make some appeal to the imagi- 
nation. It is said, for example, that 25c 00,000 
individuals of the species associated with bubonic plague could 
be crowded into the small space of a square inch. A number 
more than six times as great as the population of the United 
Kingdom at the last census. 
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In dealing with those animals that feed upon plants it is 
impossible to draw any clear line between vegetarians and para- 
sites. We shall, however, be justified in applying the latter name 
to a number of small forms which live, generally for part of their 
lives only, within the tissues of plants, one consequence being 
the formation of certain abnormal growths. Some of these will 
be dealt with later on in connection with the subject of agricul- 
tural pests. The clubbing of turnip-roots (“ finger-and-toe ” or 



Fig 1073 — Bactcrt't. I, Ihe “blocxJ portent { yticrocc€i.ux ^redtgiortu a, gelatinous stage of the umc 
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cholera SpirotkaU ckoUr^ oMtattca) 6, the came on larger icalc 7, Anthrax baalh aHikractx) 

with red blood corpuscles 8. the same on larger scale 9, Bacteria of rebpsing fever [SptrockaU Okrrmetfrt, 
and red blood curpu^ks to, Symbiotic baiteria Sansm* ventnen/t from human Momach. i, a, 3, 5, 7, 
and 9, X 300 10, X 8ao 4, 6, and 8. X aooo 

"anbury ”), for example, is caused by one of the Fungus- Animals 
{J^lasmodiophora drassicer), which interferes with the nutrition of 
the plant, causing it to grow in an unusual way. And it not 
infrequently happens that cereals and some other cultivated forms 
are attacked by small Eel-Worms, the presence of which has a 
stunting or distorting effect. 

Most persons have noticed the curious local outgrowths known 
as " galls ” that are common upon some plants, and tempt com- 
parison with the tumours and cancers of animals. They are due 
to the attacks of Gall-Flies, small forms belonging to the order 
of Membrane-winged Insects (Hymenoptira), The female gall- 
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fly punctures a bud, or leaf, or stem, by means of her sharp 
ovipositor, and lays an egg in the incision. The injury is trifling, 
but sets up irr?Jtcion, probably caused by some secretion, and the 
result is an abnormal growth. Some of the different galls to be 
seen on oak-leaves are represented in fig. 1074. Other examples 
are furnished by the familiar “oak-apples”, and the “bedeguars” 
of rose-bushes. A particular species of gall-fly always selects the 
same sort of plant, and attacks the same region, the resulting gall 
being of definite size, shape, and colour. A remarkable case is 
cited below (see p. 81), where the 
gall benefits the plant on which it is 
found. 

Defences of Plants and Animals 
AGAINST One Another. — A good deal 
of space has already been devoted 
(vol. ii, p. J75) to the innumerable 
devices by which various animals are 
more or less protected in reference to 
carnivorous forms; but animals are 
also liable to be attacked by plants, 
especially by microscopic but deadly 
bacteria that induce many sorts ot 
disease, particularly those of infectious 
or contagious nature. One important 
function of the white or colourless cor- 
puscles which live in lymph or blood 
appears to be to repel the attacks of io74-vanousi'*ectGaiisonLe»f 

rr r \ Qtitrcus) 

dangerous “germs of the sort (see 

vol. iii, p. 4). The principle involved in vaccination or inocu- 
lation is related to the fact that animals which have been pur- 
posely subjected to the influence of a disease-germ that has been 
weakened by artificial methods (or to the action of a related but 
less dangerpus kind of germ), are thereby rendered able to resist 
more or less successfully the onslaughts of the same sort of germ 
in its more virulent form. Another important application of pre- 
ventive (and curative) medicine has resulted from the discovery 
that some animals are protected from particular disease-germs by 
means of complex substances (defensive proteids or anti-toxins) 
contained in their blood. The best-known example is afforded 
by diphtheria, which can be warded off, or combated if con- 
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tracted, by means of an anti-toxin extracted from the blood of 
the horse. 

Turning to the other side of the question, we find that 
numerous plants are protected by various means against vege- 
tarian animals. Many species, for example, more or less suc- 
cessfully ward off the attacks of browsing forms by mechanical 
devices. Of this nature are the thorns, spines, prickles, and 
stinging hairs with which painful experience has made most of 
us more or less familiar. Good illustrative cases are such com- 
mon forms as gorse, blackthorn, holly, thistle, and stinging-nettle. 
This is not, however, the only use of sharp-pointed outgrowths, 
for not a few forms, e.g. the bramble, are “hook-climbers”. It 
is particularly noticeable that ripening fruits are often mechani- 
cally guarded, the prickly husks of horse- 
chestnut being a case in point. 

Quite a number of herbaceous plants 
contain in their soft tissues bundles of 
exceedingly sharp needle - like crystals 

Fig. 1075 -Cell from Leaf of Vir- . i - i i- v i 

gb« Creeper . containing (raphldCS, fig. IO75) Wfiicfi prOtCCt tficm 

against the ravages of slugs and snails, 
as experiment has shown. Many such 
crystals are to be found, for example, in the leaf-stalks of the 
Arum-“ Lily ” {^RUhardia Aithiopica), 

Many plants are protected by chemical means, i.e. by the 
formation within their tissues of substances which are poisonous 
or nauseous, or otherwise detrimental to the well-being of would- 
be consumers. Forms such as Foxglove, Aconite, Monkshood, 
Hemlock, and Yew no doubt ward off to a great extent the 
attacks of browsing animals in this way. Fruits and seeds 
are often thus protected, and may be either simply nauseous 
(especially when unripe) or else contain active poisons, as in the 
case of the seeds of Laburnum and Strychnos nux-vomica. The 
attacks of both large and small animals are checked in many 
cases by means of a sticky fluid known as latex, which flows 
from an injured part, and when ./resh has a milky appearance. 
Common examples among British plants are the Spurges 
(Euphorbia), Poppy, Greater Celandine, and Dandelion. ' This 
secretion hardens when dry, and forms a protective coat over the 
wound. Some tropical trees produce a kind of latex which, in the 
solidified condition, is known to us as india-rubber. It is almost 
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certainly to be regarded as a means of defence against wood- 
boring insects, especially beetles. The many varieties of resin 
and gum are also of protective nature. 

We have already had occasion to note (vol. ii, p. 301) that 
quite a number of animals adverti.se their disagreeable properties 
by conspicuous colours or by other means. Such warning colora- 
tion also appears to be present in certain plants, as, for instance, 
in some of the poisonous toad-stools, 
which are of glaring and repulsive 
appearance. And here also it would 
seem that, as among animals, cases of 
Mimicry are to be found, for some 
harmless toad-stools closely resemble 
their poisonous brethren, and thus 
gain some amount of protection. The 
highly desirable Boletus edulis, for ex- 
ample, is very liable to be mistaken 
for its virulently poisonous cousin (B, 

Satanas), 

Another set of plants contain aro- 
matic or fragrant essential oils which, 
though pleasant enough to our own 
sense of smell, act as deterrents to 
many animals. Such are sage, mint, 
lavender, and many spice -producing 
forms. 

There is still another means of 
defence, and one which is more in- 
teresting from the zoological stand- 
point than those so far described. 

Certain forms are known which may appropriately be termed 
ant-loving {niyr 7 nccophilous\ because they maintain a ‘'police- 
force” of ants, by which they are protected from leaf- cutting 
insects and other unwelcome visitors. The services of these 
hirelings are secured by means of material benefits of substantial 
character. A well-known case is that of a sort of Acacia {Acacia 
sphcerocephala, fig. 1076), which bears I'ttle pear-shaped "food- 
bodies ” to appease the appetites of its retainers, and also hollow 
thorns which furnish them with shelter. Another curious instance 

is afforded by a kind of Oak {Querctis pubescens) in which a gall- 
voL. IV. too 



Fig. loT^.—Acuia (v4. spk^roc*^h^lm.)^ pos- 
%enMng hollow thorns in which ants finds shelter, 
and pear-shaped food-bodies on Ups of leaflets. 
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fly {Cynips argentea) lays her eggs. The abnormal growths or 
“ galls which result from this process secrete nectar that serves 
to attract ants, and thus a body-guard is secured by which the 
attacks of caterpillars and snails are repelled. The following 
account is given by Kemer (in The Natural History of Plants^ 
of the way in which ants protect the flower-heads (capitula) of 
certain Composites. — “A similar state of affairs is met with on 



Fit 1077 — A Saw Wort {Srrrmimla defended by Ants {Ffirmtca tmetn) a«aih>t the attacks 

of a Beetle {Oxytkyrra/wusti) 


the capitula of several Composites indigenous to South-eastern 
Europe, eg, Centaurea alpina and Ruthemca, Jurifua mollis, and 
Serratula lycopifolia, the last of which is here figured [fig. 1077]. 
The young heads of these Composites are particularly liable to 
the attacks of voracious beetles, especially of Oxythyrea funesta, 
which bites big holes in them, destroying crowded flower-buds 
and involucral scales [i.e, the overlapping scales which surround 
the head] without the least difficulty. To meet this danger a 
garrison of warlike ants is employed. Honey is secreted from 
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big stomata [i.e. pores in the epidermis] on the overlapping 
scales of the still-closed heads in such quantities that one can 
sec a drop of it on every scale in the early morning, whilst 
later in the day, as the water evaporates, little masses, or even 
crystals, of su^r are to be found. This sugar, either in its liquid 
or solid form, is very palatable to the ants, which habitually resort 
to these heads during the period of its secretion. And to pre- 
serve it for themselves they resent any invasion from outside. 
If one of the aforementioned beetles appears they assume a 
menacing attitude. They hold on to the involucral scales with 
their last pair of legs and present their fore-legs, abdomen, and 
powerful jaws to the enemy, as shown in the figure. Thus they 
remain till the beetle withdraws, if necessary hastening its retreat 
by squirting formic acid in its direction. Then they quietly begin 
to feed on the honey again.** 

Mucn Has yet to be learnt about the relations between British 
plants and insects in the present connection, and no undoubted 
case of ant-guards has so far been described. Some of our 
native trees, however, harbour mites that appear to discharge 
defensive duties. Scott Elliot (in Nature Studies) thus speaks 
of them: — “Almost any common tree, such as the Lime, Ash, 
Elm, or Horse-Chestnut, will show on the lower side of the leaves 
littlfe hairy patches which occupy the forks of the veins. If these 
are examined in summer with a strong magnifying glass, and 
stirred up with a pin, very small active . . . mites will be found. 
They run about quickly, and once seen, can be observed 
with ease, whenever looked for. The hairy grottoes which they 
inhabit are often rather neatly formed; but they are difficult to 
describe. As a rule the colour of the mite is that of the hairs 
amongst which it lives. These mites come forth at night, and 
appear to live upon bacteria and upon the spores of fungi, lichens, 
or algae. But here again it is not possible to give as exact details 
as would be desirable.’* The arrangement described is of special 
interest, ais it appears to be a case of animals defending a plant 
against other plants lower in the scale. 

The Pollination of Flowers by Animals. — Of all the 
numerous kinds of relation between plants and animals none 
has attracted more attention than the one now to be briefly de- 
scribed. So much is this the case that, though of absorbing 
interest, it is almost in danger of becoming hackneyed. But 
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its study has done much towards revolutionizing the old cut-and- 
dried method of studying botany, and has caused so many persons 
to pay some attention to the world of life, that no excuse is made 
for presenting here a few facts which will be familiar to most 
readers, especially as the scheme of this work would be incomplete 
without them. 

To understand the meaning of the word “pollination’* it is 
first of all necessary to say something about the structure of 
flowers. These are concerned with the production of seeds, in 
each of which is to be found an embryo or plantlet in a dormant 

state, capable, under favourable con- 
ditions, of growing into a new plant. 
We have elsewhere seen (see vol. iii, 
p. 335) that in animals the first stage 
in propagation by means of eggs con- 
sists in the fertilization of an egg-cell 
or ovum by fusion with it of a smaller 
cell or sperm, the fertilized egg-cell 
afterwards developing into an embryo. 
The embryo in a seed has also arisen 
from an egg-cell, which has been fer- 
tilized by material formed in the same 
flower (self-fertilization) or in some 
other flower (cross-fertilization). The 
result in the latter case is better than 
in the former, since cross-fertilized 
egg-cells develop into more vigorous 
embryos, and many floral arrangements are to be explained as 
means by which cross-fertilization is brought alx)ut. 

Examination of a typical flower (fig. 1078) shows that it is made 
up of four sets of structures, all of which are specialized leaves. 
Beginning at the outside they are as follows: — (i) Calyx, con- 
sisting of a circlet of sepals, which may be green (as in a Butter- 
cup), or brightly coloured (as in a Tulip); (2) Corolla, made up of 
petals, which are commonly conspicuous; (3) Thread-like Stamens, 
within the thickened ends {anthers) of which is formed the pow- 
dery substance, pollen, from which the fertilizing living substance 
is derived; (4) Pistil, consisting of one or more Carpels, which in 
the latter case may be either separate or fused together (a single 
carpel is shown in the figure). The carpels contain a varying 
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number of small bodies known as Ovules^ destined to become 
seeds, and the most important part of an ovule is a minute egg- 
cell or ovum. On the top of the pistil is a rough and sticky 
surface, the Stigma, 

Pollination is a necessary preliminary to fertilization, and 
consists of the transfer of ripe pollen-grains to the stigma. 
Supposing this to have been effected, a thread-like pollen-lube 
grows from each grain into the cavity of the carpel until it reaches 
that part of the ovule where the egg-cell is located. A nucleus- 
containing fragment of protoplasm (equivalent to a sperm) from 
the tip of the tube is then transferred to this cell, with which it 
fuses. The egg-cell, thus fertilized, develops into an embryo, and 
the rest of the ovule undergoes certain modifications, the total 
product being a seed. 

A stigma may be pollinated by grains developed in the stamens 
of its own flower (self-pollination), or by grains derived from other 
flowers (cross-pollination). The latter, since it is followed by 
cross-fertilization, is the more desirable event, and the actual 
transfer of pollen from flower to flower is effected by water, 
wind, or animals, according to the nature of the arrangements 
which have been evolved. We are here only concerned with 
animal-pollinated (zoophilous) flowers, and in the large majority 
of the.se the agents are insects. Many of the characters of insect- 
pollinated (entomophilous) flowers have been evolved with re- 
ference to the attraction and reception of suitable guests. It was 
at one time the general belief that the varied odours and hues of 
flowers came into existence simply and solely for the delectation 
of mankind; as a matter of fact their significance i'- utilitarian, and 
has reference to the needs of plants themselves. For scent and 
colour are the means employed to attract insects (and sometimes 
other animals) capable of doing the work of cross -pollination. 
It is fortunate that the odours generally commend themselves 
to us, but this is not always so, for certain flowers {e,g, some 
Arums) smell like carrion, the object being to attract those flies 
which revel in putridity. As to colour there is of course a great 
variety, and some tints appeal to special visitors. Typical “bee 
flowers”, for example, are commonly reddish-purple, purple, or 
blue. Other forms depend upon dusk-loving insects, especially 
moths, for their cross-pollination, and these are white or pale in 
hue, which gives them the best chance of being seen (fig. 1079). 
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Such flowers open in the evening, and are then most fragrant. 
Conspicuousness is often increased by numerous flowers being 
associated together. 

For the entertainment of their insect-guests flowers may pro- 
vide sweet sap, or produce a great excess of pollen, a highly 
nutritious substance, or secrete i.ectar. In highly-specialized 
forms at least the last sort of food is generally the most important, 
and is usually produced deep down in the recesses of the flower, 

often in long spur-like tubes, 
where it is only accessible to 
long - tongued insects, such 
as bees and butterflies. 

Flowers not only attract 
guests and provide refresh- 
ment, but their whole struc- 
ture is often modified, it may 
be in a very complex wa\', 
to secure the henolits .)f 
rross-pollinrition, i.i, t) en- 
sure that pollen which is 
brought is df[>ositcd on rhe 
stigma by arriving guests, 
and mak(' r^TUin that fle- 
parting guest'^ take with 
them a fresh sufiply of the 
Siime material. 

Fl;l «<.79 H.f NoUinKh'lin CilchrUy \il. nr tntfnni) hy T 

Ns'Im 1 v,„uil b> T nvO Jhnnlha,,a nWi 01.111) CHSCS . RC aOdp' 

nincuiti ihi.rm.uis if d. irl err* piii^ iiiM.cts .ire sern adher ttlllonS existillP betWei'll 
ing lo thu vi-^nd *4tni 

flower and insect are so 
[lerfcct as to leave no room for doubt that each has influenced 
the evolution of the other. Some of the adjustments that ha\e 
come into existence will best be understood by reference to con- 
crete e.xamples, the first two of which will be taken from the 





remarkable Orchis Family, the members of this being notable for 
the great variety of arrangements which they display in relation to 
insect-pollination. In one large and handsome sjxxies (Phaia- 
nopsis Sc/ullcriana^ fig. 1080) the attraction of colour is provided by 
five spreading leaves, equivalent to sepals and petals, of which the 
most remarkable (the labellum) is one which hangs down from 
the centre of the flower. It begins in a narrow stalk, but soon 
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broadens into three lobes, of which one curves up on each side, 
while the third takes a downward course and divides at its end 
into a couple of curved projections. Just at the place where the 
stalk expands into lobes a small double projection arises from its 
upper side, and this serves as a footstool for flies, which are here 



Fig 1 >80 LioitS Pulliiult. 1 FI stfb 1 Fniitviewof iflvjt »n I id Phtltu f>st hitUr>aiia 

a, column of '.ame showing I ii I d f k tMi 1 < i- lien ni I'-st.N of i lu 1 i 'i iri vh'iiKtl ni 1 

4, side view if pollen mjssts S It view h a fl 1 1 ih fc i i ul h 1 1 if ihi uiih ill'* htd 

pi den ma&ses 7 the viine aftir ili p Ikii m is*./* i>« Ix-i t f rwirds * in sirtn.il socii 11 shows i 1v intro 
duiing pollen mas ts lu in tlurflowci 1 II »cr f ih< in tl p M iii'-d I cs » Pniltrllj Oitlis Uni n irja 
hi/iUo^ 10, the sunt, with he id of i iiclli pn ua /in tsfn jn In^ 'I I spin with ts } roboscis ii 
head and extended proUisiis of (hemrih 1 ''idt v lew 1 t 1 I ird jk 111 itid P wrr lin*i(ku\ mofot with 
outer part removed four stimcis ind the lon^, curved style m scci the. irit w uu iit-s n wav to tht 
honey containing s| Ul ij Fl wer >f a modi pt Ihmied h i evsutUlc / nt r*,i I w nh It ng h ai^y con 

taming lube the arrow shews how to reith this tl e roui l»d stigma and stamens niust be succts-sivtly touched 
3i 4i 6i >nd 7 slightly enlarged the other hgurcs iiatunl si2c 

the invited guests. In the middle of the flower, just behind the 
footstool, may be seen a short projecting column ”, the rounded 
top of which is constituted by a short stamen, immediately beneath 
this being a deep hollow, the stigma. The pollen is aggregated 
into two masses {pollinia), attached to a little curved plate, which 
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passes below into a heart-shaped sticky knob (rostellum) that 
projects into the cavity of the stigma. If now a fly alights on the 
footstool and begins to lick up the nectar from the stigma, its 
head will come into contact with the rostellum, and on leaving the 
flower it will carry away the pollinia, which very quickly bend 
forwards. When the fly visits another flower and thrusts its head 
into the stigma, the sticky surface of this will catch and retain the 
pollinia, another pair of which will become attached to the head of 
the insect, to be carried on in their turn to another blossom. 

The Lesser Butterfly Orchis {Habenaria bifolia, fig. 1080) is 
a much smaller form native to Britain, and cross- pollinated by 
Hawk - Moths. A number of whitish very fragrant flowers are 
borne upon a long upright stalk, and there is here no platform 
for the arriving guests, as these sip nectar without having to 
alight. The nectar is contained in a slender spur, the length of 
which corresponds to that of the unrolled proboscis of the moth. 
As before, the departing guest carries away the two pollinia, 
which then bend downwards, and converge together into the exact 
position necessary to ensure their striking the * igma of the next 
flower visited. In regard to these movements, ;»nd the somewhat 
different ones made by the pollinia of other s ecies, Darwin re- 
marks (in P\rtilization of Orchids ^'. — “A poet might imagine that 
whilst the pollinia were borne through the air from flower to 
flower, adhering to an insect’s body, they voluntarily and eagerly 
placed themselves in that exact position, in which alone they could 
hope to gain their wish and perpetuate their race”. To this same 
book of Darwin’s are referred those readers who desire further 
particulars regarding Orchids in the present connection. 

The different species of Honeysuckle {Lon if era, fig. 1080) are 
also “moth-flowers”, and exhibit three of the leading features 
just detailed for the Butterfly Orchis, i.e. absence of an alighting 
platform, pale colour, and marked fragrance. But, as in most 
flowers except Orchids, the pollen is dust-like, and not aggregated 
into pollinia. 

Insects are not the only animals by which cross -pollination 
is brought about, for in .some instances this work appears to be 
discharged by Snails and Slugs, Birds, or MammaLs. In our two 
native species of Golden Saxifrage {Chrysospl€nium\ snails and 
slugs are said to be the agents. These plants live in damp places, 
and possess groups of small greenish-yellow flowers, over which 
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the slimy visitors crawl, transferring the pollen from one blossom 
to another. 

The Humming-Birds of America, and the little Sun-Birds of 
Africa, which resemble them in appearance, suck nectar while on 
the wing from certain flowers. Regarding bird-pollinated forms, 
Scott- Elliot, who made a special study of the subject in South 
Africa, speaks as follows (in Nature Stuciiesy . — “Many tropical 
flowers, such as the Banana, or the beautiful Lobelia cardinalis, 
are visited by the Sun-Birds and Humming-Birds. A great 
proportion of these flowers have a scarlet colour, and a curved 
tube which exactly fits the head and beak of the bird. Others, 
which are visited by these beautiful and lively cre^atures, have the 
flowers massed together in large cup-shaped heads, such as the 
Protcas, or Sugarbush of South Africa. The bird stands on 
the edge of this cup and plunges its beak into the mass of honey 
flowers wuicri nils it. There arc no bird flowers in the British 
Flora, at least so far as the writer’s knowledge goes ; but sparrows 
can l>e seen to dip their beaks into the heads of the Ragwort, after 
insects, and it is very likely that the flov^ er-haunting habits of the 
Sun-Birds began in this way*” One of the bird-pollinated African 
forms [McHanthus major) is represented in fig. 1080. 

Few observations have been made upon cross-pollination by 
mammals, but .some tropical Hats are sup[iosed to lurihcT the 
transference of pollen, and Kerner suggests that the r»ame kind 
office is discharged by Kangaroos for I)r\andra bii/hes. The 
ilow^ers in the Litter case are at a suitable h(‘ight above the ground, 
and are arranged round the (‘dge of a sort of cup, imo which a 
fluid resembling sour milk trickles down from diem. It is 
not improbable that the little Long -.Snouted PhalangeT {jFai'sipcs 
roslratiis, see vol. ii, p. 181) traaspoits the pollen ol tlv' flowers 
which it constantly visits. 

Prciuuiiou of Self- Pot lination , — The various arraiiLumicnts re- 
lated to cross-pollination have been so evolved that they also, at 
least for some time, prevent self-pollination. It may be that a 
particular flower contains stamens only or a pistil only, and these 
distinct siaminate and pistillate flowers may either be on the same 
plant Spurges, — P.upliorbia) or on different plants {c.g, Whl- 

lows, — Salix). And even where stamens and pistil are jiresent in 
the same flow'^er the pollen is commonly produced before the stigma 
is mature, or, more rarely, the stigma is first ready. Of other 
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kinds of arrangement we may take the common wild Monkey- 
Musk {Mimulus luteus^ fig. loSr) as an interesting example. An 
insect visitini^ this Hower first touches the bilobed stigma, which 
receives any pollen that the v'isitor may bring. But the stigma is 
very sensitive to contact, and immediately closes, almost like a 
book, remaining in this state for some time. Hence it docs not 
receive Irom its own [lower any of the pollen with which the 
departing guest has been loaded. 

It ought, how’ever, to be stated that some flow’ers are regularly 
self ])ollInated. w'hile others e\em[)!ily a number of most ingenious 
devices for effecting this as a last resort. The whole structure of 
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a Foxglove (lower, for example, is vvonderfull) adapted to eross- 
pollinaiion b) humble-bees, but after a lime tlie pur|)Ie corolla tails 
off, and in so doing drags the stamens attached to it over the 
stigma, so that this is self-pollinaU‘d, and if it has not already 
received foreign pollen, the egg-cells will be self-feriili/ed. Full 
details of this sort of arrangement w'ill be found in Kerner and 
other botanical works, but would Ixi out of place here. It is 
perhaps desirable to add that some authorities believe the im- 
portance of cross-pollination to have been somewhat exaggerated. 

Deflnc Ls OF Flovvirs ac.ainst Unhidden Gulsts.— T he 
animals which are most serviceable as agents of cross-pollitiation 
are those capable of carrving [)ollen from one plant to another, 
though interchange between flower^ on the same plant is beneficial 
to a lesser degree, and is often the chief kind of crossing which 
takes place in cases where a considerable number of small flowers 
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are crowded together. The most specialized plants lay themselves 
out, so to speak, to attract insects with well-marked powers of 
flight, or in some cases birds, and it may be mammals. These are 
the “bidden guests”. But there are also “unbidden guests” with 
a liking for nectar, especially wingless insects, such as ants. In 
many cases these undesirable visitors simply rob the flowers with- 
out conferring any benefit. There are also numerous snails and 
slugs which eat up flowers altogether if they get the chance. It is 
for all reasons desirable that these useless and dangerous visitors 
should be kept away. Ogle, in the preface to his translation of 
a work by Kerner {^Unbidden Guests), thus presents the matter: — 
“ Now Nature, who at first sight often appears a prodigal, is 
always found, on closer examination, to be the most rigid of econo- 
mists. If ^0 insects are to be allured, she gives ... no nectar; 
she cuts off the bright petals and suppresses the attractive odours. 
Nor even when a bait is wanted will she give it one minute sooner 
than is necessary. The brilliancy, the scent, and the nectar are only 
furnished when the flower is ready for its guests and requires their 
presence ; just as a thrifty housewife lights her candles when the first 
guest is at the door. The mature bud is furnished with no such 
attractions. Still more, even when the flower is mature, when its 
pollen is ready for transference or its stigma for pollination, when all 
the allurements are consequently dis[)la)ed and insects invited to the 
feast, she still shows her economy. Guests might come who were 
not of sufficient importance, and the banquet be wasted on them; 
for it is only when insects have a certain shape, size, or weight 
that she requires their visits, and can use them profitably for her 
purposes. She requires, moreover, that they should make their 
entrance by the main portal, which she has specially adapted to 
suit their and her requirements. All insignificant and unremunera- 
tive visitors, all such, moreover, as would creep in by the back 
entrance, must be kept out. . . .” 

It will be convenient to first describe the chief ways by which 
wingless insects are kept away from the flowers. One rather 
curious device is found in some of the F Isams, c.g. in a species 
native to the Himalayan region {Impatiens tricornis) which has 
been carefully studied. Here, as in many other plants, there ate 
little expansions (stipules) at the bases of the leaves, where they 
join the stem. Of each pair of stipules one is transformed into a 
nectar-secreting gland (nectary) in the form of a thick curved plate. 
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SO situated that insects creeping up the stem are sure to find it 
As soon as the Balsam begins to open its flowers nectar is abun< 
dantly secreted by these nectaries, and being both abundant and 
more accessible than that in the flowers, unwelcome guests are 
diverted from these. Regarding this sweet fluid and its use Kerner 
makes the following remarks: — “The honey-loving ants lick it up 

eagerly, and are content not to 
stray farther upwards. Adtual 
observation shows that the 
flowers of Impatiens tricomis 
are free from ants, whilst these 
stipular nectaries are much fre- 
quented by them. Their pres- 
ence in the flowers is very un- 
desirable, since they could readily 
get at the honey there without 
touching the pollen or stigma. 
And more than this, they would 
not only pilfer the honey, but 
they would also drive away those 
winged insects for which the 
honey is prepared the w(*lcome 
guests that pollinate the flowers. 
We are justified on the facts in 
regarding this diversion of the 
unbidden guests as an indirect 
protection oi the floral honey." 

Insects are not infrequently 
prevented from reaching the 
flowers by means of a watery 
barrier. This is obviously so in 
the case of water-lilies a d other aquatic plants, and may also be 
observed in some land foims. In Teasels, for example, the leaves 
are arranged in pairs, the bases of each pair being united together 
to form a sort of cup, in which water collects, so as completely to 
surround the stem (fig. 1082). 

Slippery surfaces are often present, on which creeping insects 
can find no foothold. There is sometimes a smooth coating of 
wax, as in certain Willows, where the catkin-bearing twigs are 
thus protected. Another interesting case is that 01 the Snowdrop 



F^g 108* — A Teaa«l showing 
water rup* formei oy l muij of tuie^ of a%es 
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{Galanthus nivalis^ fig. 1083). Here the smooth flower-scalk is 
bent over, so that the flower hangs down, and a creeping insect 
tr)dng to reach it is almost certain to fall when it reaches the 
sharp bend. The nectar secreted in the green grooves of the 
petals is intended for flying insects. If 
one of these approaches from below it 
will first touch the stigma, effecting polli- 
nation if it has previously visited another 
snowdrop. And in getting the nectar it 
is sure to jolt the stamens, causing a 
.sliower of pollen to fall on its back, ready 
for transfer to other blossoms. 

A more drastic method of dealing 
with creeping insects is found in many 
plants \. laCii exude a sticky fluid, espe- 1083 -fiowcf of snowdrop 

cially in the neighbourhood of the flowers, ( « » / ^ 

or actually upon them. Sometimes this is of the nature of latex, 
as in the Lettuce (^Lactiua saliva), where the flower-heads are 
surrounded by overlapping scales from which the milky secretion 
readily escapes, quickly coagulating into a sticky mass that catches 
and smothers ants and the like. The flower-stalks of Catch-Flies 
(see p. 86) and various other forms are 
covered by a glutinous layer, to which the 
bodies of trespassers are often found ad- 
hering. But more commonly the secretion 
is poured out by variously-situated glan- 
dular hairs. In Plumbago, for instance 
(fig. 1084), they are borne on the calyx. 

It would appear that in some instances the 
captured insects are used as fooil, after the 
fashion of the carnivorous plants already 
described (see p. 68). 

So far we have dealt with the exclusion 
of wingless insects, but in the case of large flowers evolved in 
relation to bees, wasps, butterflies, <S:c., small- winged insects are 
equally undesirable visitors, since ti^y steal nectar without 
effecting cross-pollination. Such forms are altogether excluded, 
or else made effective by arrangements in the flowers, which 
Kerner thus describes in general terms (in The Natural History 
of Plants ): — “Peculiar folds and cushions, walls and gratings, 



Fig 1084 — Flower of Plumbago 
F.utopan (enlu^)*ed), ihowiug glan> 
duUr hairs on the calyx 
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brushes and thickets of hairs are present, guarding the entrance 
and rendering access difficult, whilst still allowing it Large 
and powerful animals find these obstacles no hindrance, and 
readily brush them aside; small ones, however, cannot do this, 
but have to climb over or circumvent the obstacles. And in 
many cases this enforced divergence by small insects from the 
direct path brings about the desired result. For, in circumventing 
these folds and barricades and hairs, they are unconsciously led 
past the anthers and stigmas, contact with which is unavoidable. 
Thus, what would otherwise be useless visitants become welcome 

guests. They are conducted indirectly 
to the honey by these curious struc- 
tures, which may, in a sense, be termed 
‘ path-finders ” Cursory examination 
of such flowers as Foxglove or Pansy 
will show the presence of barricades 
of the kind mentioned (see also fig. 
1085). Path -finders for the guidance 
of invited guests are often present in 
the form of conspicuous colour-streaks, 
which converge towards the source 
r, .ce5-s«do. .hiough Fio«r,f a of ncctar. Pansy, Azalea, and Pelar- 
•how.ng ^Qnium arc particularly good examples 
of this. 

The defences and other arrangements which have been evolved 
in various connections by plants and animals are never completely 
successful, and with changed surroundings are apt to fail. This 
applies not only to “ mice and men ”, but also to flowers. Kcrner 
states, for example, that the flowers of some 300 European plants 
are systematically robbed by humble-bees, which take a short cut 
to the nectar by biting through the calyx or corolla. The result 
may be disastrous, for in some of these plants but few seeds are 
produced, so that they are becoming rare, and in course of time 
will probably die out altogether. Certain Alpine Catch- Flies {Silene 
Pumilio and S. Elizabetha) are in this evil case. Kemer suggests 
that such plants date back to a time when there were no, or but 
few, humble-bees in the region where they now g^ow, and that they 
have since failed to evolve means of defence against the new kind 
of attack. 

Wingless enemies of soft-bodied character, especially snails 
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and slugs, are not kept off by smooth surfaces or sticky secretions. 
But such creatures are easily baffled by prickles, bristles, thorns, 
and other sharp structures, and these are often found in the neigh- 
bourhood of the flowers. 

Dispersal of Plants by Animals. — Since the large majority 
of plants are fixed, means of dispersal are clearly a necessity, as 
otherwise they would have to struggle for existence with their 
own offspring. And it is only when numerous individuals of a 
species are placed in favourable surroundings that the species 
has any chance of escaping extinction. It is not therefore surpris- 
ing to find that there are almost innumerable ways by W'hich dis- 
persal is effected. Sometimes the plant itself is the agent, sending 
out creeping stems above or below ground, or ejecting its fruits, 
seeds, or spores to a distance by explosive or elastic mechanisms. 
Currents of air and water are also of great importance in this 
connection, but we are here only concerned with the chief ways 
in which animals are pressed into the service of plants for this 
purpose, or it may be render assistance of more casual kind. 

Many of the small plants which float in ponds, such as Duck- 
weeds {^Lcmna) and various alga^, must often cling to the legs of 
water-birds, and get carried bodily from place to place. And it 
is noticeable that the buds of somewhat larger aquatic plants, 
such as Frog-bit and Bladderw^ort {Hycirocharis and Ulriciilaria\ 
possess a slimy covering by means of which they readily adhere 
to the plumage of such birds. Among marine plants a curious 
means of transit is exemplified by various sea-weeds wliich certain 
crabs plant on their backs to make themselves inconspicuous (see 
vol. ii, p. 287). On the decease of such a crab his little “garden” 
goes on growing, unless perchance he has been swallowed whole 
by some predaceous form. 

A good many land-plants propagate by means of “ offshoots ”, 
i.e. specialized branches, &c., which grow into new individuals, 
and cases have been noted where animals assist in the dispersal 
of such offshoots. Some of the rounded Mexican Cacti (species 
of Mammi/laria), for example, produce little spherical shoots 
studded with barbed bristles, and which are very readily detached 
from the parent plant. They readily cling to the coats of various 
mammals and may thus be carried for a considerable distance. 

Dispersal of Seeds and Fruits by Animals . — As already 
explained (p. 85), a seed may be regarded as a matured ovule, 
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in which is contained a dormant plantlet, that has resulted from 
the fertilization of an e^g-cell. The fertilizing process stimulates 
the growth of various parts external to the ovules, leading to the 
production of what may broadly be called a “ fruit ”, which for 
our present purpose may be considered as a seed-carrier. A 
cherry or plum, for example, is a fruit, within which is a single 
seed — the ‘‘ stone A long account of the different kinds of 
fruit would hr out of place here, but it may be well to add that 
many are hard and dry, hazel-nuts (of which the “kernels” 
are the seeds), poppy- “ heads ”, and the so-called “seeds” of Sun- 
flower or Carrot. 

The dispersal of seeds in many plants results from the fact 
that a considerable number of animals are fruit-eaters. And in 
such cases the seeds being protected by hard coats often escape 
digestion. It would appear that the attractive colours and 
palatable qualities of numerous fruits have been evolved with 
direct reference to this. W hile still unri[)e such fruits are incon- 
spicuous and more or less nauseous, but become extremely 
conspicuous by the time they are ready for consumption, thus 
advertising their desirable properties as articles of diet. Though 
monkeys and other fruit eating mammals no doubt largely assist 
in plant dispersal, birds seem to play a more important part in 
the matter, Kerner made a large number of experiments which 
tend to prove this. He found, for example, that the hard-coated 
seeds of stone-fruits and berries passed quite uninjured through 
the bodies of ravens and jackdaws; also that the blackbird, song- 
thrush, rock-thrush, and robin, which eagerly devour fleshy fruits, 
throw up the seeds if these are large, as in Barberry and Privet. 
The fate of small seeds swallowed by the last four birds is thus 
described by him (in The Nahtral History of Plants )'. — “Of the 
fruits and seeds which passed through the intestine of one or 
other of the.se birds, 75 per cent germinated in the case of the 
blackbird, 85 per cent in the case of the thrush, 88 per cent in 
the case of the rock- thrush, and 80 per cent in the case of the 
robin. . . . From these experiments it is evident that the dispersal 
of edible fruits through the agency of thrushes and blackbirds is 
not, as was formerly supposed, an exceptional phenomenon obtain- 
ing in the mistletoe only, but one that may take place in the case 
of many other plants, and other observations prove that, as a 
matter of fact, it does take place.” 
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Some animals store up seeds and fruit for future use, and as 
for various reasons many of these escape being eaten, the storing 
habit undoubtedly promotes dispersal. Squirrels, jays, and many 
ants may be cited in illustration. The case of ants is peculiarly 
interesting. According to Kerner’s observations the seeds which 
prove attractive to these little creatures are those which, although 
smooth, possess a little rough outgrowth technically known as a 
“ caruncle as in Violet, Greater Celandine, Snowdrop, Peri- 
winkle, and some Spurges. It is only this caruncle which is 
eaten, the rest of the seed being left untouched, and capable of 
germination. 

Besides the seeds and fruits which specially appeal to the 
appetites of animals, there are many others which become attached 


to their bodies, and are thus efifectively dispersed. This may 
take place without any special adaptations to clinging, as in the 
case of floating seeds of many aquatic plants, which adhere 
to the plumage of birds, or where moist earth 
containing seeds sticks to the feet of birds or ^j|||K 
other animals. 

There are, however, a large number of fruits 
and seeds which are either sticky or else studded ,o86-Ffimofz«- 
with hooks, their chances of transport by animals A<^/«(x5)ttudd«d 

1 withfhiiduIarhMW 

being thus greatly increased, btickiness results 
in many cases from exposure to moisture, as in the seeds of Meadow 
Saffron {Colchicuni) which have often been observed adhering to 
the feet of sheep, cattle, and horses. A somewhat more special- 
ized case is afforded by fruits which owe their viscidity to the 
presence of glandular outgrowths, e,g, Linnaa borealis (fig. 1086). 

A firmer means of attachment is found in seeds and fruits 


provided with hooks, and its efficiency would seem to be proved 
by the fact that about ten per cent of Flowering Plants are pro- 
vided with such arrangements. They have apparently ^en 
evolved, at least in many cases, in relation to the hairy coats of 
Mammals, for they are particularly characteristic of plants of 
low stature, with which such animals are likely to come into 
contact Many examples are found among the members of our 
native flora, as everyone who knows the country must have 
observed. The little globular fruits of the Goos^rass or Cleavers 
(Galium aparine, fig. 1087) are studded with little recurved 
bristles which prove very effective holdfasts, and the “ burrs 
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of Buniock (Aretitm majtu, 1088) cling with great tenacity 
to sheep and other animals. Each burr consists of a number 
of fruits enclosed by a great many narrow scales, each one of 
which is bent into a hook at its tip. A 
different but equally effective arrangement is 
present in Avens (Ctum uriamtm, fig. 1088). 
The group of fruits is not surrounded by 
clinging s^es, but each is provided with a 
long hook. In some foreign fruits the hold- 
fasts are of formidable character, and cause 
much pain to the unfortunate animals which 
unwillingly promote dispersal. A well-known 
instance is that of the Harpoon-Plant {ffar- 
pagophyttm) of South Africa, the laige fruits 
of which are covered with stout radiating pro- 
jections provided with powerful hooks. They 
are the source of much inconvenience to such 
animals as antelopes and lions, being said to sometimes cause 
the death of the latter. 

Dispersal of Spores by Animals . — Fleshy fungi are eaten by 
various insects that swallow vast numbers of the minute spores 

by which such plants propagate, 
these passing uninjured through 
their bodies. In some cases flies 
are attracted by a sweet fluid (as 
in Ergot, Claviceps purpurea), or by 
evil-smelling moisture that exudes 
on the spore-producing surface (as 
in the Stinkhorn, Phallus impudi- 
cus). Earth- Worms and other bur- 
rowing forms no doubt help to 
disperse the spores of underground 
fungi, such as truffles. The last- 
named plants are also eagerly sought and devoured by pigs, with 
similar results. The dissemination by animals of disease-produc- 
ing bacteria is too notorious to require emphasizing. 



fig. loM.— Group of Hooked rnun of Awmm 
{Gtiam m tmmmm ) b ahowu to Mk, with a nfU fhnt 
OD faufer scale. Oa the b shown a freup of 
die Fnuta of Burdock [Arthmm wmfm) sumamded 
hp heekad acabs. 
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CHAPTER LXI 

ASSOCIATION OF ANIMALS— COLONIES 


Having considered the chief sorts of relation which exist 
between animals and plants, we have now to deal with the asso- 
ciation of individual animals, whether of the same or different 
species. In the sections on Food and Defences (volume ii) one 
kind of connection has been treated at considerable length, i,e. 
that which links carnivorous (and to some extent omnivorous) 
forms with their prey, and we have seen that the bodily structure 
of both aiiackcrs and attacked have been more or less perfectly 
adapted to the exigencies of attack and defence. Another chapter 
of the same story will engage our attention rather later on, when 
Animal Parasites receive consideration, but it will be convenient 
in the meantime to enter into some particulars regarding other 
kinds of relation. 

Animals of the same species may be associated together in 
three chief ways, conveniently described under the headings of 
Colonial Animals, Social Animals, and Courtship and Mating of 
Animals. 

COLONIAL ANIMALS 

Colonial Animalcules (Protozoa). — The minute and lowly 
creatures known as Animalcules are distinguished from animals 
higher in the scale by the fact that they are single cells or units 
of structure, le. they are unicellular. They propagate, as a rule, 
by splitting (fission) or budding (gemmation), and in a number 
of species the new individuals which thus come into existence 
remain connected together, forming a colony (fig. 1089). The 
members of such a colony are usually all alike, each of them 
performing all the duties of life for itself, and species for which 
this is true have therefore been described as “physiologically 
unicellular Most of them are fixed, as, for instance, in Epistylis 
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(fig. 1089), which is closely allied to the common Bell Animalcule 
\Vorticella\ a non -colonial form And another colonial form 
(Codostga), represented in the same figure, also has solitary 
relatives In cases where a number of units are associated 
together it is clearly advantageous that there should be a '‘divi- 
sion of labour” on similar principles to those wliith have increased 



the output and improved the quality of manufactured articles. 
There are certain colonial Animalcules which exhibit an early 
stage in division of “ physiological ” labour. Of this an excellent 
example has already been given (see vol. iii, p. 333) in Volvox, 
where some members of the colony become specialized in con- 
nection with propagation by means of eggs As another instance 
we may take Proterospongia (fig. 1089), which consists of nu- 
merous individuals imbedded in a gelatinous substance. Some 
of these are charged with the duty of securing food for the colony, 
and the projecting end of each such individual is surrounded by a 
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“collar” from the centre of which springs a thread (flagellum) 
which executes lashing movements. Within the jelly are other 
amoeba-like individuals, which divide actively, some of the pro- 
ducts of division serving to increase the size of the colony, while 
others are probably liberated to found fresh communities. Pro- 
terospongia is of special interest, as it suggests the way in which 
Sponges have possibly been evolved from simpler animals, for 
it is characteristic of Sponges that the spaces within their bodies 
should be more or less lined with “collar cells” that strikingly 
resemble the collar-provided individuals of the colonial Animalcule 
just described. 

All forms higher in the scale than the Protozoa are collectively 
known as Many-celled Animals or Metazoa. In any one of these, 
e.g, a Zoophyte, a Worm, or a Mollusc, the body is a more or 
less complex community of cells, exemplifying in various degree 
the principle of division of physiological labour, with accom- 
panying specialization. And there can be little doubt that these 
cell-communities have been gradually evolved from colonial Pro- 
tozoa. This view has been discussed to some extent in an 
earlier section (see vol. iii, p. 333). 

Colonial Sponges (Porifera). — In this group of animals 
the colonial condition is the rule, a colony being produced by the 
bidding or incomplete fission of an original individual. Some- 
times the members of a community are fairly distinct (see 
vol. iii, p. 343), but in other cases it is difficult or even impossible 
to say where one ends and others begin. The absence of sharp 
boundary-lines between adjacent individuals is well exemplified 
by a very common British species, the Crumb-of-bread Sponge 
{Ha/ichondria pamcca\ which may be seen as an encrustation 
of light-brown colour on rocks near low-tide mark. 

Colonial Zoophytfs (Ccelenterata).— Vegetative propaga- 
tion by means of budding or fission is very characteristic of 
members of this large group, and the buds or fission-products 
commonly remain united together to form colonies, of which the 
members are usually clearly marked off from one another. They 
are united together by what may be termed a “ common flesh 
(coenosarc), and their digestive cavities ail communicate with a 
more or less complex system of canals by which this is traversed. 
It therefore follows that food taken in and digested by one in- 
dividual may benefit other members of the same community, c 
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fact which has had much to do with the course of evolution in 
certain species. Reference should be made to vol. i, pp. 474-481, 
where some of the Colonial Zoophytes are figured and described, 
and also to vol. iii, pp. 327-328, for a brief account of the life- 
histories of such colonies. VVe are here only concerned with the 
characteristic features of colonial life, and it will be convenient to 
consider separately the two sub-groups of Sea- Flowers (Anthozod) 
and Hydroids {//ydrozoa). 

Colonial Sea-Floivers {Anf/iocoa or Aciinozoa). — To students 
of the British fauna the most familiar Sea - Flowers are the 



Fig lopa —Small Colony of a Coral ( -I stroides rnlycularts) 


solitary forms known as Sea- Anemones, which abound on our 

shores. But in war- 
. mcr parts of the globe 

Corals arc equally 
abundant, and these 
may be either solitary 
or colonial. The 
former, or cup-corals, 
may be compared to 
anemones, but the 
lower part of the 
body is supported by 
a limy skeleton, while 
the latter may be re- 
garded as colonies of 
cup-corals, and present wide variations in shape, according to 
the mode of growth. In the majority of cases the members 
of the colony are all alike (fig. 1090), but this is not invariably 
the case. For in some of the Eight-rayed Sea-Flowers {Octac- 
linia), e,g. the Sea-Pen {Pennatuld), some of them are devoid of 
tentacles, and participate neither in active feeding nor in the 
production of egg-cclls. Their special duty appears to be that 
of promoting breathing by setting up currents of sea-water which 
circulate through the fleshy substance of the colony. Ciliary 
action is the agency employed. 

Hydroids {Hydrozoa). — The branching or encrusting colonies 
known as Hydroid Zoophytes exemplify division of labour more 
or less. As we have elsewhere seen, some of the individuals 
are .specially concerned with egg-propagation, and these may be 
liberated as little free-swimming jelly-fish or medusae (see vol. iii, 
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p 350) This, however, is not the only possibility, as will be seen 
by reference to fig 1091, which represents a small part of a species 
of hydroid {A^^laophenia) In addition to the ordinary members of 
the colony, each provided with mouth and tentacles there arc 
two kinds of small mouthless individuals One of these is in the 
form of a slender tin (ad which can be stretched out to some little 
distance and is possessed of a thickened stick) tip It acts as 
a food catcher ensnaring small animals to he swallowed and 
digested by its larger tel 
lows for the benefit of the 
commumtv 1 he other 
kind of mouthless indivi 
dual IS somewhat stouttr 
and riehl) proMded a it> 
fret end with battfrns 
of stinging'Cells eipilde 
of dealing effecti\tl\ with 
larger prc) or w irding 
off the atticks of em nits 
When these lighting in 
dividuals ai( eilkd into 
action the oth( r me mix rs 
of the colon) can be with 
drawn into tht little cups that surround their bases, being thus 
out of harm s w i) 

An extreme eise of division of labour is presented L\ the free 
swimming colonits of H) droids known as Compound Jelly bish 
(Siphonophora) which have probably been evolved fiom simjile 
medusae by a process of budding (see vol 1, p 48 1 ) 1 he shape of 

the colony depends upon the way m which this piocess has been 
effected Sometimes the buds have arisen from the “umbrella ’ 
of the original medusa or they may have grown from the walls of 
the mouth-bearing ‘ handle’ The chief kinds of indnidual that 
have been thus produced are represented diagraiiimatically m fig 
1092 The umbrella of the original medusa loses its function as 
a swimming organ and becomes a float, while (in the case repre 
sented) the handle, of v hich p*irt only is shown, carries a vai lety 
of membeis which contribute in various ways to the common weal 
of the community Some are swimming bells which, by alternately 
opening and closing, effect propulsion through the water Others 
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are transformed into fishing-lines that catch food, and at the same 
time are so well provided with stinging-cells as to effectively keep 
off enemies. There are also digestive individuals, which devour 
and digest the animals caught by the fishing-lines. Some mem- 
bers are reduced to tentacles, ministering to the sense of touch 
(and possibly smell); others again are in the form of protective 
plates, covering and sheltering adjacent in- 
dividuals. And there are also egg-produc- 
ing members of the colony which may be 
liberated as little medusie, thus promoting 
dispersal In different species there are 
considerable variations in detail, and the 
actual arrangements in one case (Stcpiuxlia 
corona^ are shown 
in fig. 1093. 

Colonial Moss- 
Polypes (Polyzoa). 

— With a single 
exception the mem- 
bers of this group 
produce colonies by d. 
budding, after the 
fashion of Hydroid 
Zoophytes, for 
which they are 
sometimes mis- 
taken, though in 
reality much higher 
in the scale. Some 
of the members of such a colony may be greatly specialized for 
various purposes (fig. 1094), ^^ey may be modified into rounded 
receptacles (ovicclls) in which the eggs de\elop till the time of 
hatching. In certain species there are bird’s-head individuals, 
which execute vigorous snapping movements, the object of which 
is extremely doubtfuL Cleanliness is possibly promoted, or per- 
haps the attacks of small parasitic forms may thus be warded off. 
It has also been noticed that the powerful jaw.s often succeed in 
catching little worms, crustaceans, &c., app;irently holding them 
tenaciously till they die and decompose. The suggestion has been 
made that the decayed fragments of these victims are carried by 
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ciliary action into the mouths of the unmodified members of the 
colony, thus serving as food. But there is no definite proof that 
such is the case. Individual Moss- Polypes may also undergo still 
greater modification into whip-like threads that actively lash about 
in all directions. Cleanliness and defence have here again been 
suggested as the ends to be served, and cases 
have been observed where the action is so vig- 
orous as to move the entire colony about That 
the surrounding water should be thoroughly 
stirred up is probably advantageous with refer- 
ence both to feeding and breathing. The only 
thing, however, that we definitely know about 
these curious structures is, that they have been 
evolved from bird’s-head individuals by suppres- 
sion of the “head”, and prolongation of the 
“ lower jaw into a slender filament 

Colonial Tunicates (Urcchorda). — The 
formation of colonies is clearly related to powers 
of increase by means of budding or fission, and 
consequently all the members of certain animal 
groups devoid of such powers, Arthropods 
and Molluscs, are non-colonial. This is also true 
for the vast majority of Backboned Animals, 
the most notable exception being afforded by 
many species of the lowly and degenerate forms 
known as Sea- Squirts, Tunicates, or Ascidians. 

Most of these are fixed to some firm object when 
adult and their sedentary life has no doubt had 
much to do with the degeneration they have 
undergone (see vol. iii, p. 421). A good many 
Tunicates are non-colonial or “solitary”, but showing three 

, . whip shaped individuals. 

others bud to produce colonies of various shape. 

In such species the individual members may be borne on a creep- 
ing stem and clearly marked off from one another, much as in a 
hydroid zoophyte, or the association may be much more intimate. 
In the latter case the individuals are sunk within a sort of common 
body (like the coenosarc of colonial corals), and there is a contin- 
uous protective investment or common test. A good instance is 
afforded by Botryllus (fig. 1095), be found at low tide on our 
coasts as a sort of bluish encrustation on sea- weeds and stones. It 
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presents at regular intervals a munber of flawer 4 tke markings, 
each of which is made up of a circkt of mdividuak, with their 
mouths near die tips of die petals **. A smaD lude in the centre 
of the dower leads out of a cavity (^'comiiKm cloaca ") into which 
are disdiai^ed the waste products of the meoibers of the group. 
The surface population of the sea is also partly made up of 
colonial Tunicates. The Salps, for instance, present two stages 
in their life-history, one of which propagates by budding, the other 
by eggs (see voL iii, p 422). A large number of die latter stage 

are connected to- 
gether when young 
into “chains”, which 
may be regarded as 
temporary colonies. 
These ultimately 
break up into their 
constituent members. 
A notable example 
of a permanent free- 
swimming Tunicate 
colony is afforded by 
the Fire - Cylinder 
{Pyrosoma, fig. 1095), 
abundant in the Medi- 
terranean and else- 
where, and giving off 
a bright phosphorescent light, possibly as a means of protection. 
‘The colony is shaped like a hollow cylinder which, in one large 
species {Pyrosoma gi^antea), may be as much as 5 feet long, and 
possesses a contracter’ aperture at one end, the other being closed. 
The external surface covered with pointed projections of the 
firm test. The small but ver> numerous individuals are imbedded 
transversely in the wall of the cylinder, their mouths being ex- 
ternal. The large central cavity receives all the products of 
waste, and is comparable to the common cloaca of a Botryllus 
circlet The size of the colony is augir»ented by budding, and 
eggs are also produced, which develop into minute colonies that 
are liberated into the surrounding water, there to grow to their 
full size. 
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ASSOCIATION OF ORGANISMS— SOCIAL BACKBONELESS 
ANIMALS (INVERTEBRATA). 


Many animals are social or gregp.rious, and in such cases 
division of labour between the members of a community is more 
or less perfectly exemplified. The mere fact that many individuals 
of the same species live together in the same place does not entitle 
them to be termed social, in the sense here intended, unless there 
is some sort of co-operation which benefits the animals living 
together. It Would hardly be justifiable, for example, to describe 
oysters, cockles, or star^fishes, as colonial animals. But even here 
the species may be benefited, e,g. weakly individuals are weeded 
out in the keen struggle for existence, so that the stock becomes 
increasingly healthy and strong. And from such casual kinds of 
association communities of very complex kind have gradually 
been evolved, the benefits to be derived from division of labour 
between individuals giving various species a greatly improved 
chance of survival in the competition with other species. But here 
a qualification must be made. For in the world of organisms, by 
the iroriy of fate, an extreme penalty attaches to elaborate special- 
ization resulting from adjustment to the exigencies of a certain set 
of conditions. The surroundings of animals (and plants) are con- 
stantly changing, and if these alter suddenly, as they are liable to 
do, a well adapted species may be unable to adjust itself with 
sufficient rapidity to the new order of things, and hence be 
doomed to extinction, while simpler but more plastic forms may 
survive. Many lowly organisms have endured through countless 
ages, while others of more complex kind have quickly succumbed 
to rapid alterations of their environment at a time when their 
continued dominance seemed most ceiuin. Innumerable in- 
stances of this far-reaching principle are to be drawn from the 
geological record, which preserves for us the past history of the 
globe. 
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The most interesting cases of the social habit are to be found 
among Insects and Backboned Animals, which it will be well to 
consider separately. 

SOCIAL INSECTS (Insecta) 

Some of the most remarkable facts in natural history have 
been made known by those who have studied the complex com- 
munities existing among various species of Membrane-Winged 
Insects (Hymenoptera) and Net-winged Insects (Neuroptera). 
The extent to which division of labour is carried varies greatly 
in different cases, so that we are able to get some notion of the 
successive stages which have marked the evolution of the social 
habit. 

Social Membrane- Winged Insects (Hymenoptera). — The 
most salient point distinguishing highly organized communities of 
Bees, Wasps, and Ants is the presence of a varying number of 
“castes” or kinds of individual. In the Honey-Bee {A^is melli 
fica\ for instance, a hive contains not only males (drones) and an 
egg -producing female (queen), but also numerous “workers”, 
which are a second kind of female, having nothing to do with the 
production of eggs, but, as their name indicates, labouring for the 
benefit of the republic. And in other cases there may be more 
than three castes as we shall see in the sequel. Worker honey- 
bees differ markedly in size and structure from the queen, as the 
result of a long course of evolution, and it will be desirable to 
begin with simpler communities, where such sharp distinctions do 
not exist. 

Bees. — Some account has already been given of Carpenter- 
Bees, Mason- Bees, and Leaf-cutting Bees, solitary forms in which 
the female not only lays eggs but also makes and stores a nest 
(see vol. iii, p. 390). These and many other non-colonial insects 
exhibit very elaborate adaptations to their surroundings, and it 
would be a mistake to consider them as necessarily lower in the 
scale than colonial forms, which have evolved on entirely different 
lines. Here, as in ail other cases, success in the struggle for 
existence may be attained in widely different ways. 

From the purely solitary life led by the bees alx)ve-mentioned, 
we pass to a curious case described by Fabre (from his observa- 
tions in South France), where a certain amount of co-operation is 
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associated with a large amount of independence. The case is that 
of certain rather small ‘‘ short- tongued” bees (species of Halictus)^ 
which are represented in the British fauna. There are here no 
workers, but by the united labours of a number of females a 
branching underground passage is dug out at night, there being 
a single opening to the exterior, and close to this an enlargement 
or “ hall ” for the greater convenience of individuals wishing to 
pass one another. Within this underground home each female 
makes her own particular nest, consisting of ovoid waterproof 
cells, and attends to her domestic duties after the fashion of 
solitary species. A sentinel is said to be posted at the common 
opening of the burrow, so that some understanding would seem to 
be arrived at in the matter of mounting and relieving guard. But, 
apart from this, the individuals living together have no more social 
organization than the different families occupying a dwelling made 
up of a set of “flats*’, who use a common stair and the same street 
door. Il the said families had constructed these by their joint 
efforts the analogy would be more complete. 

The last example is a sort of side-branch in social evplution; 
for a comparatively simple case in the direct series of adaptations 
we may turn to the large insects familiarly known as Humble-Bees 
(species of Bomdus), which are well represented in our own 
country, and live above or under the ground in communities 
which endure for a single year only. They exemplify the 
beginning of the caste -system, for in addition to males there 
are three varieties of the opposite sex, t.e. queens, small females, 
and workers, which in appearance and structure resemble one 
another pretty closely. We do not find the same marked differ- 
ences that exist between the queen and worker in honey-bees, 
while the power of egg-laying is not restricted to the queen^ 
though she is the mother of most of the members of the com- 
munity. The habits of several species have been closely observed, 
and the succession of events is somewhat as follows. A queen 
which has survived the winter begins her work as foundress of 
a society when the spring is well advanced, and food in the form 
of nectar and pollen is abundant Selecting a sheltered spot, on 
the surface or below the ground according to the species, she 
successively constructs two or three large waxen cells, the material 
for which is derived (as in social bees generally) from a number 
of small glands that open on the under side of her abdomen: a 
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proportion of pollen being added. When a cell is of full size it 
is lined with a mixture of pollen and honey, several eggs are 
laid in it, and a roof is put on. After several days rest the 
next cell is made, and stocked in the same way. About the time 
that the second cell is completed duties of another kind are added 
to the tale of work. For, meanwhile, the eggs first laid have 
hatched out, and the bee-grubs, having exhausted their scanty 
store of provisions, require feeding. To do this their mother 
bites a hole in the enclosing cell, and supplies honey from her 
mouth as required. Here, and in other cases, the “honey** is 
not the same thing as the “nectar** found in flowers. A bee 
swallows the latter, taking it into a crop or “honey-bag**, into 
which the gullet dilates. Within this receptacle it undergoes 
a kind of fermentation by which it is converted into honey. So 
far the life-history is much like that of a solitary form, all the 
work being done by the mother. But in the next stage division 
of labour begins to play an important part. The full-fed grubs 
spin silken cocoons, and pass into the quiescent or pupa stage, 
from which they emerge as “ workers **. By gnawing away the 
wax the queen assists their escape from the enclosing cell. As 
workers become numerous they justify their name by under- 
taking the labours of building and storing, ultimately enabling 
the queen to devote herself entirely to egg-laying. For each 
egg a separate cell is constructed. As the community increases 
in size small females may be produced, and towards autumn larger 
“drone cells’*- are made, and still larger “queen cells”. It is 
stated that these are not stored with food, the corresponding 
grubs being from the first assiduously nursed by the workers. 
By the time that drones and queens are mature the community 
has attained its full size, and may consist of from 300 to 400 
individuals, under favourable circumstances. The pairing of the 
young queens in the course of a nuptial flight constitutes the 
climax of the year’s drama, for as winter approaches the temporary 
community ' becomes disintegrated. All the workers and drones 
perish, together with many of the queens, but some of the latter 
live through the winter; in a torpid state to found fresh societies 
the following spring. It should be added to this account that 
when the community is in full working order special unclosed 
cells are made, to be stored with honey or pollen for general use. 
These “ honey tubs ” and “ pollen tubs '* serve as a larder, which 
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18* constantly being replenished during fine weadier, to> he disa¥a* 
upon when it is wet Old brood-cells may be enlarged for tfte 
same purpose, but are never put to their original use a second 
time. 

For one species of Humble-Bee {Bombus ruclera/us) a remark- 
able arrangement has been described. It is said that in every 
nest one bee is told off as a “trumpeter". This individual 
sounds reveilU at from 3 to 4 a.m., rousing her fellows to the 
labours of the day, and if removed is replaced by another. The 
habit of storing food, existing to some extent in Humble-Bees, 
is carried much further in the Honey-Bee {Apis tnelhjica^ and 
its numerous relatives, and has probably had much to do with the 
evolution of the complex social life which these exhibit. It 
enables a community to live on through the unfavourable season 
of the year, .thus becoming permanent, and this continuity has 
rendered possible division of labour to a greater degree, being 
at the same »^ime associated with well-marked differences between 
the castes, so far as queen and workers are concerned. The 
former is of comparatively large size, and her only duty is to 
produce eggs, while the varied labours of the hive fall to the 
lot of her smaller sisters. The community is only temporary 
as regards the drones, none of which survive the winter, but are 
replaced by a fresh set which hatch out the following year. A 
few further details regarding the Honey-Bee will be given in a 
later section. 

The Social Wasps ( VespidcP) live in communities which, so 
far as at present known, exist for one season only, as in Humble- 
Bees, to which they present a further resemblance in the fact 
that the workers are not markedly unlike the queen, and are more 
or less capable of laying eggs. The building -material, however, 
is not wax but a sort of paper, made by chewing woody matter 
^nd mixing it with a fluid secreted by certain glands of the 
mouth-region. We may take to illustrate the annual cycle one 
of three British species {Prespa Gerrnanica, fig. 1096) in which 
the nest is constructed underground. . The foundress queen begins 
work in spring, making a small number of cells in the place which 
is to be the top of the nest, and depositing an egg in each. The 
cells are neither stored nor closed. Her next task consists in 
feeding the grubs as they hatch out, first with honey or fruit- 
juice, and later with the bodies of insects, especially flies. By 
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means of her strong jaws she removes the hard parts of the prey, 
chewing up the rest into a kind of mince-meat adapted to the 
tender digestions of her offspring. When they have reached 
their full size the grubs spin cocoons and pass into the pupa stage, 
from which they emerge as worker wasps about four weeks after 
the date when the eggs were laid. Without loss of time these 
take over the work of building and nursing, and even feed their 


mother, who soon has noth- 
ing to do but lay eggs in 
the cells as they are con- 
structed. The complete 
nest consists of a senes of 
combs, connected by little 
pillars, and the building 
operations are carried on 
from above downwards 
Each comb is made up of 
a large number of roughly 
hexagonal cells, the mouths 
of which are directed down- 
wards. Towards the end 
of summer cells of larger 
size are made, in which 
queens and drones are 
reared, but many of the 
latter are brought up in the 
ordinary small cells. After 
mating has taken place the 
community is soon broken 
up; most of the insects die, 
but some of the queens survive the winter, and found the com- 
munities of the following year. Wasps appear to be extremely 
sensitive to cold, and it is perhaps partly for this reason that 
the nest is surrounded with a covering made up of layers of 
paper (see fig. 1096). 

The nests of many species of social Wasp are suspended from 
plants, while the Hornet {Vespa crabro) prefers to build in a 
hollow tree. There is a large amount of variadon as to siae, 
shape, and durability, while in some cases earth is added to the 
ordinary building material 
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The social habits of Ants are even more complex than those 
of Bees and Wasps, and some account has already been given 
of the way in which the members of certain species procure and 
store food (see vol. ii, pp. 103 and 206). There is no more 
fascinating department in the whole realm of natural history than 
the study of ant life, for these little creatures live in a wonder- 
land which is all their own. The elaboration of some of their 
communities is very considerable, and the welfare of the individual 
is rigorously subordinated to the interests of the species. Some 
of the more salient points are thus ably summarized by Sharp 
(in The Cambridge Natural History ^'. — “Observation has revealed 
most remarkable phenomena in the lives of these insects. Indeed, 
we can scarcely avoid the conclusion that they have acquired in 
many respects the art of living together in societies more perfectly 
than our own species has, and that they have anticipated us in 
the acquisition of some of the industries and arts that greatly 
facilitate social life. The lives of individual ants extend over 
a considerable number of years — in the case of certain species 
at any rate, — so that the competence of the individual may be 
developed to a considerable extent by exercise; and one genera- 
tion may communicate to a younger one by example the arts of 
living by which it has itself profited. The prolonged life of ants, 
their existence in the perfect state at all seasons, and the highly 
social life they lead are facts of the greatest biological importance, 
and are those that we should expect to be accompanied by greater 
and wider competence than is usually exhibited by Insects. There 
can indeed be little doubt that ants are really not only the 
‘ highest ’ structurally or mechanically of all insects, but also the 
most efficient. There is an American saying that the ant is ruler 
of Brazil. We must add a word of qualification; the competence 
of the ant is not like that of man. It is devoted to the welfare 
of the species rather than to that of the individual, which is, as 
it were, sacrificed or specialized for the benefit of the community. 
The distinctions between the sexes in their powers or capacities 
are astonishing, and those between the various forms of one 
sex are also great The difference between different species is 
extreme; we have, in fact, the most imperfect forms of social 
evolution coexisting, even locally, with the most evolute. These 
facts render it extremely difficult for us to appreciate the ant; the 
limitations of efficiency displayed by the individual being in some 

Vol. IV. 
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cases extreme, while observation seems to elicit contradictory 
facts. About two thousand species are already known, and it is 
pretty certain that the number will reach at least five thousand.” 

The caste-system is well-marked among Ants, and there are 
at least three sorts of individual, males, queens, and workers or 
modified females. The two former are commonly winged, and 
pairing usually takes place in the air. After this has been accom- 
plished the males soon die, while the females cast, or it may be 
bite off, their wingfs, and enter upon their further duties. In some 
species the male alone possesses wings, while it more rarely 
happens that the contrary is true. Cases are also known where 
both kinds of male exist in the same species, the female being 
winged, or both kinds of female are associated with winged males. 
There may also be distinct castes of workers, one consisting of 
large individuals (workers major), and the other or others of 
small ones (workers minor). In many cases, too, there is a caste 
of ‘“^soldiers ** distinguished by the great size of their mandibles. 
Like workers they are modified females. To all intents and pur- 
poses, indeed, the societies of Ants, like those of Bees and Wasps, 
are female republics* The “ queen ”, it is true, has all her wants 
attended to by the workers, but does not actively direct the affairs 
of the community, having no special authority. The care bestowed 
upon her, indeed, would appear to be simply in recognition of the 
f^t that she is necessary for the continuance of the society. In 
ant-societies there may be more than one queen. There appears 
to be no doubt that these insects are able to communicate certain 
kinds of information to one another. Indeed, without some power 
of communication there would be endless confusion in a large com- 
munity. As it is, we find that foraging expeditions, warfare, and 
the complex economy of the nest are all carried out in an orderly 
fashion. In human societies even republics require some sort of 
government for the direction of individual efforts, but this often 
appears not to be the case here. The armies of our native species, 
for example, so far as we know, are entirely made up of rank and 
file, without officers and non-commissioned officers. Yet such 
an army often seems to conduct its campaigns strategically, and 
deals very effectively with tactical problems which arise after it 
has taken the field. How this is possible we are not yet able to 
say, for our own mental powers have been evolved on very 
different lines. There is certainly a basis of instinct, i.e. inherited 
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capability of doing certain things on impulse when appropriate 
occasions present themselves; but since individual ants profit 
largely by experience, we may also say without hesitation that 
many of their actions are intelligent. There can be little doubt 
that young workers receive a practical education in their duties, 
learning by example if not by precept. If so, we have a very 
convincing proof of marked intelligence. Where, as in some 
tropical ants, there are numerous castes, the mental life of the 
community is probably more complex, but comparatively few 
observations have been made on this difficult subject 

The early stages in the formation of societies have been ob- 
served in some species, and are probably substantially the same in 
all. A foundress queen lays her first batch of eggs, and carefully 
tends the larvae when they hatch out, until they pass into the pupa 
stage, from which they emerge as workers, who at once concern 
themselves with the industrial work of the young community. 
The queen lo therefore soon able, as in the ordinary social wasps 
and bees, to restrict herself solely to the duty of egg-laying. One 
important point in the domestic economy of all ant-societies may 
here be mentioned. Special cells of paper or wax are not con- 
structed for the reception of eggs, as in Bees and Wasps, but these 
are deposited in chambers, variously situated, according to the 
species. It is further to be noted that the larva may or may not 
spin a cocoon before passing into the pupa state. When a cocoon 
is made it is removed by the workers at the proper time, so as to 
facilitate the escape of the perfect insect 

There is a large amount of variation as to the number of 
individuals contained in an ant-society. This is very laige in most 
of the kinds which have been carefully studied, and it is naturally 
so in cases where the social life is very complex. Simple instances 
are afforded by some of the I ndian Ants (species of Polyrhachis), 
where a single queen and less than a dozen workers live together 
in a little one-charnbered dwelling that looks almost like a minia- 
ture bird’s-nest, and is constructed of a papery substance with a 
lining of silk. These small homes are found on leaves, and are 
commonly so placed or made as to be inconspicuous. Another 
sort of Asiatic Ant (CEcophylla smaragdind) lives in larger com- 
munities upon foliage, of which the le.ives are converted into 
dwellings in a very remarkable manner. The workers roll them 
up and fix their edges together by means of a viscid fluid derived 
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from the silk-glands opening near the mouths of the larvse. A 
worker engaged in this task holds a larva firmly in her jaws, and 
holds it to the required spot, using it in fact as a living gum-bottle. 

Some of the leading features in the communal life of a large 
society of the industrious insects under discussion may be learnt 
from the study of our largest native species, the reddish-coloured 
Wood- Ant or Horse- Ant {^Formica rufd). It abounds in the fir- 
woods of our southern counties, where the large “ant-hills” which 
it constructs are conspicuous objects. The winged males and 
females are not far short of half an inch in length, and there are 
two kinds of worker, which are respectively about one-fourth, and 
from one -fifth to one-sixth of an inch long. The nest may be 
nearly three feet high and some eighteen feet round at its base, 
and is made up of fir-needles, together with all sorts of plant 
fragments. The vicinity of the nest is trodden down into a 
number of “ant-roads”, which are the scene of much busy going 
and coming. The larger workers are principally concerned, 
when outside the nest, with collecting building materials, while 
an important duty of the smaller workers is to collect the “honey- 
dew ” of aphides, insects which are often picturesquely described 
as “ant-cows”. The substance in question is a sugary fluid that 
exudes in considerable amount from the intestines of these little 
creatures, and is eagerly swallowed by the workers, a great deal of 
it passing into their dilated crops. Having filled themselves up 
with this desirable food, the workers hurry back to the nest, and 
obligingly distribute some of their store for the benefit of the 
larvae, and their adult friends who have meanwhile been engaged 
with the internal economy of the nest. There are no special 
receptacles corresponding to the honey -tubs of humble-bees or 
comb-cells of ordinary bees, for storage of what is not immediately 
needed. Indeed none of our native ants indulge in the luxury of 
a larder, and remain in a torpid condition during the winter. The 
food is by no means limited to honey-dew, but is of very mixed 
nature, for caterpillars, various adult insects, and miscellaneous 
vegetable matter all figure in the bill of fare. There is a constant 
return of foraging parties to the central home (fig. 1097). 

The ant-hill is literally riddled with labyrinthine galleries 
expanding at intervals into rounded chambers, and for some depth 
the underlying ground is mined with passages continuous with 
those above. It is easier to destroy an ant-hill than to get any 
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clear idea of its internal economy, but J. G. Wood (in Insects at 
Home) thus describes a very ini>cnious device by which he was 
enabled to gam some knowledge of the kind — “ I have, however, 
succeeded in obtaining an excellent view into the interior of a 
Wood- Ants’ nest, though it was but a short one. Accompanied 
by my friend Mr. H. J. B. Hancock, I was visiting some remark- 
ably fine Wood -Ants’ nests near Bagshot. We took with us a 
large piece of plate-glass, placed it edgewise on the top of an anti- 
hill, and, standing one at each side, cut the nest completely in two, 
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leaving the glass almOxSt wholly buried in it After the expiration 
of a few weeks, during which time the Ants could repair damages, 
we returned to the spot, and, with a spade, removed one side of 
the nest as far as the glass, which then served as a window 
through which we could look into the nest It was really a 
wonderful sight. The ant-hill was honey-combed into passages 
and cells, in all of which the inhabitants were hurriedly running 
about, being alarmed at the unwonted admission of light into their 
dwellings. In some of the chambers the pupae were treasured, 
and these chambers were continually entered by Ants, which 
picked up the helpless pupae and carried them to other parts of 
the nest where the unwelcome light had not shown itself. Un- 
fortunately, this view lasted only a short time.” 
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The most important and arduous duty of the workers is to 
look after the eggs, larvae, and pupae, and these are distributed 
through the nest with due regard to variations of moisture and 
temperature, since both of these affect development. The queens 
are carefully tended, and their eggs are carried off to suitable 
chambers. From time to time these are carefully licked, and it 
is also said that they are smeared with nutritious fluid that is 
absorbed by the embryos. When the larvae hatch out they are 
fed with great assiduity and their toilet requirements attended to. 
The full-grown larvae spin cocoons, within which they become 
pupae (the so-called “ants* eggs**), which also receive unremitting 
attention. The workers bite away the enclosing cocoons when 
die perfect insects are ready to come out Some of them are 
workers, others winged males and females which fly about in 
swarms. After mating, the laige majority of the swarming in- 
dividuals perish, but some of the females survive to found frerii 
communities, or sometimes to be taken into existing nests. 

The stings of Wood-Ants are not suffidendy well developed 
to be of use, but their poison-hags contain formic acid, which can 
be squirted to a considerable distance, and is an effective defence. 
This particular acid, as its name indicates (L. formicay an ant), 
was first known as a product of insect-life. The strong mandibles 
of the workers are also weapons of no despicable character. These 
ants co-operate for offence and defence, and Lord Avebury (in 
Ants, Bees, and Wasps) thus describes their tactics, and those of a 
related species : — ^"Formica rufa, the common Horse Ant, attacks 
in serried masses, seldom sending out detachments, while single 
ants scarcely ever make individual attacks. They rarely pursue 
a flying foe, but give no quarter, killing as many enemies as pos- 
sible, and never hesitating, wiih this object, to sacrifice themselves 
for the common good. Formica cxsecta is a delicate, but very 
active, species. They also advance in serried masses, but in close 
quarters they bite right and left, dancing about to avoid being 
bitten themselves. When fighting with larger species they spring 
on to their backs, an 1 then seize them by the neck or by an 
antenna. They also have the instinct of acting together, three 
or four seizing an enemy at once, and then pulling different 
ways, so that she on her part cannot get at any one of her 
foes. One of them then jumps on her back and cuts, or rather 
saws, off her head. In battles between this ant and the much 
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larger K pratensis, many of the F. exsectas may be seen on the 
badks of the F, pratensis^ sawing off their heads from behind*' 
Such practices would be greatly deprecated in human warfare. 

Some of the most remarkable features in ant-life have refer- 
ence to the use they make of aphides (fig. 1098), and some species, 
instead of merely sallying forth to collect honey-dew, in the way 
described above for the Wood- Ant, have advanced to the pastoral 
stage of social life, and may be described as cattle^keepers. This 
is well illustrated by our native species of Lasius. The -cominoa 
little Black Garden-Ant {JLasins niger\ which lives in elaborate 
underground dwellings, is particularly partial to aphides which live 
on twigs and leaves, moving them to convenient places for “ milk- 
ing" operations, and carrying their eggs into its sheltered home 
for the inclement winter season. The 
small Yellow Ant {^Lasius Jlavus\ 
another underground species, goes 
further than this, for Lord Avebury 
states that four or five distinct kinds 
of aphis are found in some numbers rig 1098 -Ant * 

. . ^ 1 I . /• 1* wi Aphu jttwfauaO 

in Its nest, belonging to root-feeding 

species. The same observer made some most interesting obser- 
vations (on captive specimens) of the way in which (like niget^ 
these ants tend another sort of aphis, which is not a root-feeder, 
and he gives the following summary of the facts (in Anis^ Bees^ 
and IVasps) — “ Here are aphides, not living in the ants’ nests, 
but outside, on the leaf-stalks of plants. The eggs are laid early 
in October on the food-plant of the insect. They are of no direct 
use to the ants, yet they tire not left where they ^re laid, exposed 
to the severity of the w'eather aiul U) innumerable dangers, but 
brought into the nests by the ants, and tended by them with 
the utmost care through the long winter months until the follow- 
ing March, when the young ones are brought out and again 
placed on the young shoots of the daisy 1 his seems to me a 
most remarkable case of prudence Our ants may not perhaps 
lay up food for the winter, but they do more, for they keep 
during six months the eggs which ' H enable them to procure 
food during the following summer, a case of prudence unexampled 
in the animal kingdom.” It should be added that after carrying 
the young aphides to the appropriate food -plant the ants wall 
them in with earth, and the enclosures thus made may be almost 
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called cattle-pens.” Some remarks will be made in a subsequent 
chapter on ants as slave-owners, and on the beetles, &c., which live 
in their nests. 

The caste-system is carried to an extreme in one of the 
common Foraging- Ants (Ecito?t hamafa, see vol. ii, p. 104) of 
Tropical America, a carnivorous species which possesses a power- 
ful sting. Besides winged males and wingless females there are 
“ soldiers ” with enormous jaws, large workers, and two si/cs of 
small worker. These ants and those of allied species have no 
permanent abode, but wander about from place to place after the 
fashion of armies. After carrying on offensive operations for 
some time they constmct temporary quarters, where they cultivate 
the domestic virtues and bring up their offspring. Belt gives the 
following account of ants of the sort in regard to this matter (in 
A Naturalist in Nuaragiid )\ — “They make their temporary 
habitations in holloNV trees and sometimes underneath large fallen 
trunks that offer suitable hollows. A nest that I cam(‘ across in 
the latter situation was (»pen at out* side. The ants were clus- 
tered together in a dense mass, like a great swarm of bees, 
hanging from the roof, but reaching to the ground i)e!ow. Th(‘ir 
innumerable long legs looked like brown threads binding together 
the mass, which must have been at least a cubic y.ird in bulk, 
and contained hundreds of thousands of individuals, although 
many columns were outside, some bringing in the puj):e of ants, 
others the legs and dissected bodies of various insects. I was 
surprised to see in this living nest tubular passages leading down 
to the centre of the mass, kept open, Just as if it had been formed 
of inorganic materials. Down these holes the ants who were 
bringing in booty passed with, their prey. I thrust a long stick 
down to the centre of the cluster, and brought out clinging to it 
many ants holding larvae and pupae.” Ants as agriculturalists and 
mushroom-growers have been dealt with in an earlier section (see 
voL I, p. 207). 

Social Net-Winged Insects (Neuroptera). — The interesting 
social insects known as Termites live in complex communities 
somewhat resembling those' of Ants, with which, under the name 
of “ White Ants ”, these forms are often confounded. The resem- 
blance, however, is very superficial, while the differences are pro- 
found. Termites are not invested in strong plate-armour, their 
exo-skeleton being comparatively thin, nor do they possess poison- 
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glands or stings. But the jaws of the individuals which do the 
work of the community are very powerful, as in Ants. Most 
species shun the light and are pale in colour (hence the name 
“ White ” Ants), and in such cases only the kings and queens 
possess eyes, the other castes being blind. There are. however, 
leaf-cutting Termites in South Africa which move about in open 
daylight. Eyes are here present in all castes. There is no 
marked metamorphosis, for the young do not hatch out of the 
egg as helpless grubs, but as active nymphs, which attain their 
full size after several moults. The number of castes varies 
greatly in the different species, and matters are complicated by 
the presence of nymphs in various stages of development But 
in all cases which have been investigated the just-hatched nymphs 
are to all appearance alike, and it is probable that their subse- 
quent fate depends upon the nature of the food, the matter being 
more or Ic*?? regulated by the mature inhabitants of the nest. 
The same thing is, indeed, largely true for social Bees and 
Wasps. In the Honey-Bee, for example, the grubs destined to 
become queens are fed differently from their fellows. 

Only the fully mature queens and kings (as the full-blown 
males are here usually termed) are provided with wings, both 
pairs being of equal size, the arrangement of veins being quite 
unlike that characteristic of Bees and Wasps, as might be antici- 
pated from the fact that Termites belong to an entirely different 
order. Near the base of each wing there is a weak place, facili- 
tating detachment after the first and only flight has taken place. 
Queens and kings swarm from the nest much as ia Ants, and 
associate themselves in pairs. The vast majority fall a victim to 
insectivorous birds and other animals, but enough survive to 
secure the formation of fresh societies, at least in some cases. 
Nor do we find that speedy death is the necessary sequel to 
mating for a king termite, as in the case of drone bees, for a 
nest commonly contains, in some species at any rate, a royal 
couple, both of whom are carefully tended for the term of their 
natural lives. Of other kinds of individual, soldiers are always 
found and generally workers, some of both these castes being 
modified females and others modified j-.ales. A Termite society 
is not, like those of Bees and Wasps, a female republic. 

The only two known species of European Termite have been 
carefully studied, in Sicily, by Grassi and Sandias, whose chief 



123 ASSOCIATION OF ORGANISMS— THE WEB OF LIFE 


results will be briefly summarized. The societies of some of the 
African forms are still more complicated, but here our know- 
ledge is in many respects very incomplete, though it may prove 
interesting to give a few details. Rather more than loo species 
of Termite have been so far described, and these are probably 
only a tithe of those which actually exist They abound in the 
tropical and warmer temperate regions of the world. 

The Yellow- Necked Termite (Calolermes flavicollis) of the 
Mediterranean littoral is of peculiar interest, for its communi- 
ties are small (under looo individuals), and the habits are com- 
paratively simple. The home is a hollow within a dead or 
decaying tree, and the architectural operations are limited to 
increasing the size of the hollow as may be necessary, and 
making partitions or the like with waste matter ejected from 
the intestine, saliva being employed as a cement. Within this 
simple home are found a king and queen, together with a 
number of soldiers and nymphs. There are no workers. The 
soldiers are distinguished, as in Termites generally, by the 
possession of huge heads and formidable jaws. The habits as 
regards food are somewhat remarkable, and promote sanitation 
of the nest in an unusual degree. Wood is the staple diet, but 
it is a substance very difficult of digestion, and the pellets which 
are voided from the intestine are eaten again and again, until 
their nutritive properties .are exhausted, when they are either 
employed as building materials, heaped up in remote parts of 
the nest, or dropped outside. Partly digested food may also 
be ejected from the crop, suggesting the arrangement found in 
other social insects as regards sweet substances. The salivary 
secretion is also highly nutritious, and not a mere digestive 
juice. All the cast skins are used as food, and burial rites are 
simple, the bodies of deceased friends augmenting the bill of 
fare. The young nymphs are fed at first on saliva, from 
which they are promoted to material ejected from the crop and 
intestinal pellets, wood pure and simple being eaten more or 
less at a still later stage. A grim sort of fate attends the 
soldiers, for their hug€ jaws would appear to cut them off from 
the most abundant items in the dietary, and they are driven to 
cannibalism. Not only do they devour the dead, but shorten 
✓ the sufferings of the sick and dying by eating them alive. It 
is supposed that they are in a state of permanent hunger, and 
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may be well excused for sometimes doing a little private 
slaughter among their healthy relatives, as they are said to be 
apt to do when excited. It is on the whole a good thing that 
human social life has evolved on rather different lines, in spite 
of the horrors of war and other matters which an intelligent 
Termite would deprecate. 

Winged queens and kings swarm from the nest at certain 
seasons of the year, and any pair fortunate enough to escape 
the appetites of birds or other foes is capable of starting a fresh 
society 

The Light - shunning Termite 
{Termes liicifugtis) is the second and 
only other European species. A 
society consists of many thousands of 
individuals, and there are workers as 
well as soldiers. Winged queens and 
kings swarm from the nest as in other 
cases, but in Sicily these all perish, so 
far as yet known. It seems probable, 
however, that the existing societies 
there were founded in the first in- 
stance by royal pairs, though Grassi 
has never found these in any of the 
very numerous Sicilian nests he has 
examined. In France, however, the 
investigations of Perris and Perez 
show that in that country communities can be founded in the 
usual way. Since fresh individuals are constantly being produced 
in the Sicilian nests, we naturally enquire how this is possible in 
the absence, of true queens and kings, i.e, termites which at one 
time possessed wings and were fully adult. The answer is found 
in the existence of remarkable castes which may be termed “sub- 
stitution royalties Here, as in other species with complex social 
life, the workers seem to be aware of the necessity for continued 
egg-production, and appear to feed some of the nymphs in such 
a way that they become capable of contin.n'ng their' kind, though 
wings are not developed, and certain immature characters are 
retained. The substitution queens and kings are not all alike, 
as may be gathered to some extent from fig. 1099. Even this 
apology for a king is rarely found in a nest, a possible explana- 



hg 1099 —1 ight Shunning Termite ( TVnvrr/ 
luci/ugus A, \oung larva u. adult worker, 
c, soldier d. winged adult B and f, reserve 
or substitution queens. Ai. ual sizes indicated 
b> the \ertical lines 
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tion being that this particular species is given to regicide, though 
this would be contrary to the usual habit of Termites. The 
following table (modified from Grassi)’ will show the various kinds 
of individual that have been found in the dwellings of Tertnes 
lucifugus : — 

I. Young, undiflerentiated nymphs. 


2. Nymphs that are not 3. Nymphs that will be 4 Reserves for royalties (present if 14, 
to be concerned with concerned with egg> 15, and ii are absent, or 14 and 15 

egg- product ion. production. not sufficiently numerous). 


5. Soldier nymphs. 6. Worker nymphs 9. Nymphs of the 10. Nymphs of the 11. Reserves for 
I I first form. secona form. royalties (pre- 

7. Soldiers. 8. Workers. _ _| 1 sent if 14, 15, 

{ ~ I 15. SuDstitudon and 4 are want- 

12 Winged 13 Reserve royalties. ing.or if isand 

insects, royalues (?). 4 not suffi- 

I cicntly numer- 

14. True «“)• 

royalties. 

Wlien we remember that the societies of this and other species 
may exist for a very long time, the reason for the production of 
substitution royalties becomes tolerably clear. We may suppose 
that a society is in the first instance founded by a fully-developed 
royal pair, after they have shed their wings. When a sufficient 
number of workers have been matured to do the ordinary work, 
the royal pair for the rest of their lives are carefully tended 
(though possibly in .some ' species the king may be destroyed), 
being afterwards replaced by substitution royalties, devoid of 
wings, these being unnecessary under the circumstances. Pro- 
vision would, of course, be made for a continuous succession of 
queens and kings of this kind, and the society would only die 
out when the environment became in some way very unfavour- 
able. 

The Light-shunniiig Termite lives in wood, like the Yellow- 
necked species, but its building operations are much more 
elaborate. Complex 'alJeries and chambers are tunnelled out, 
and, as before, the e. > lusced intestinal pellets are employed in 
constructive work, the cement being saliva. The same .sorts of 
food are used as in the other species. ^ 

The societies of certain Termites native to tropical Africa are 
the largest and most complex yet discovered, though our know- 
ledge regarding them is unforoinately very incomplete. The 
most famous species is the Warrior Termite (Termes bellicosui), 
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which was long ago investigated by Smeathman in West Africa. 
His description in the Philosophical Tiansactious for 1781 is 
astonishingly correct, considering the date at A^hich it was written. 
Each of the vastly numerous communities constructs and lives in 
a wonderfully solid dwelling in the form of a mound that may 
be as much as 20 feet high, and is shaped something like a 
sugar-loaf. It is chiefly made of earth glued together with 
saliva, while a good deal of the interior w’ork is carried out with 
the materials already mentioned for other species. A single 



Fie iicvi Siftiri hruigh Mf iiul f W crru»r I « rmitc ( //•/ rcil n t J ^o^ 
JcM.riplu>n ic\l 

royal couple constitute the centre of social life, and there are 
both w^orker and soldier castes, the members of the former being 
much the larger. The name “ soldier ” is not altogether a hapj^y 
one, for it appears that the workers fight much better, while the 
supposed military indi\ iduals arc rather fond of looking on. 
Below the termite dwelling (fig. 1100) are excavations (r) from 
which earth for building is procured, while the dwelling itself is 
divided into four stories (a-d), surrounded by a common external 
wall (/ on left), which is traversed by transverse and longitudinal 
galleries (/^ on right). The centre of the ground-floor (a) is 
occupied by the royal chamber (r), which is of considerable si/c, 
and enclosed by a curved wall in which there arc numerous 
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apertures, giving free access to the workers, and furthering ven- 
tilation. The king lives here of his own free-will, while the queen 
is obliged to be a prisoner, for her abdomen is so filled with eggs 
as lo be of relatively enormous size. Attendant crowds of workers 
are constantly to be found within the royal chamber, attending to 
the various wants of the king and queen, and carrying away the 
eggs, which are sometimes laid at the rate of 6o per minute 
(fig. iioi). Numerous worker-duellings (s) adjoin the abode of 
their titular soxereigns, and the outer part of the ground-floor is 



Fig iioi —Royal Cell orWamor TerniJtc {Femtet htlltcosus^ broken open to show queen 0 anil her -itlendints 
t (on left , Openings into royal cell e (on right , nn (pening that has been tloscd i p alxjiit j n iiui il si/c 


occupied by numerous store-chambers (w) in which are heaped up 
gums and other dr>^ vegetable products. The first floor (b) is a 
large pillared hall, which has no known use except that of serv- 
ing as an air-space. The second floor (c) may be called the 
“nursery ”, for here the eggs are hatched out, and the young 
nymphs carefully tended. The space is subdivided by means of 
.strong vertical partitions {a), and the central portion is marked 
off into a large number pf small compartments (^), separated from 
one another by more delicate party-walls (r). The third .story or 
attic is .simply an air-space. It will be noted that the arrange- 
ments are such as to further the maintenance of equable con- 
ditions as regards temperature and moisture, to variations in 
which Termites appear to be particularly sensitive. 
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In concluding this chapter it may be noted that the larvae of 
many insects are found feeding together in “ companies ”, which 
have hatched out from batches of eggs laid at the same time 
and place. Probably the most remarkable case of associated 
larval is afforded by the maggots of certain of the little two- 
winged flies known ;ls P'ungus Gnats {^MycetophilicUe). One of 
these is familiar as the “ Army Worm ” (Sciara mi/itaris) of 
Europe, and allied forms are native to the United States. The 
maggots live among rotting leaves, and are sometimes found 
moving from place to place, united together by sticky threads, 
and writhing along like a snake. 1 he largest armies of this 
sort may include millions of individuals, and are stated to reach 
an extreme length of 100 feet, with a breadth of 6 inches, and 
a depth of i inch. The migrations are prdbably dependent on 
the question of food-supply. 



CHAPTER LXIII 


ASSOCIATION OF ORGANISMS— SOCIAL BACKBONED 
ANIMALS (VbKTEBRATA) 


That many backboned animals are of gregarious habit is too 
well known to require emphasis. Our vocabulary includes many 
words signifying communities of animals^ e.g, we speak of a “ shoal ” 
of fishes, a “flock” of birds, a “pack” of wolves, a “herd” of 
antelopes, and so on. The societies of which the existence is 
implied by many such words exhibit a type of communal life 
differing greatly from that described for insects, and one that is 
in some respects less interesting, except in so far as it throws 
light on the problems of sociology, with which all intelligent 
persons are more or less concerned. The complex conditions 
resulting from numerous individuals living together have not 
here led to profound anatomical specialization, as they have in 
the case of such insects as ants. 

Social Fishes (Pisces). — That so many Fishes should be 
associated together in shoals would seem to be dependent in many 
instances on the place and manner of spawning. In ordinary 
bony fishes (Teleostei) the eggs are nearly always fertilized 
externally, and it is obvious that this process is facilitated when 
numerous individuals seek the same locality for the purpose. The 
Heirihg {C/u^ea Aarengus), fig. 1102), for example, approaches 
our shores in order to deposit its eggs in shallow water, where 
they adhere to various objects; the Salmon {Sa/mo salar) ascends 
rivers for the same purpose; and the Common Eel {Anguilla 
vulgaris) migrates in vast numbers to the deep sea in order to 
spawn. How far the movements of migratory fish involve 
division of labour is not at present known. It is not impossible 
that some of the older individuals may act as “ leaders ”, though 
this is little more than a conjecture 

The gregarious habit of many predaceous fishes, such as 
Sharks, Dog-fishes and Mackerel, may conduce to success in 
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procuring prey, and certainly gives an opportunity for co-opera- 
tion to the benefit of the community. On the other hand, living 
in shoals must tend very greatly to increase mortality among 
ill-defended species, which thus are bound to attract the notice 
of their foes. The well-being of the individual is here, as 
generally, subordinated to the interests of the species, the matter 
apparently being determined by the exigencies of spawning. 

Though some of the Amphibians and Reptiles may be more 
or less gregarious, but little of interest is known about them in 



Fig iioa Part of a Shoal of Herringa (C/w/fa futrtug^i 


the present connection, so that we may pass on to the more 
intelligent animals included in the two highest vertebrate classes, 
Birds and Mammals. A comparatively large and complex 
brain is here associated with sagacity that may make itself 
manifest in social developments. 

Social Birds (Aves). — Many Birds are eminently social in 
their habits, and migrant forms may be associated in vast 
numbers when making their long journe)s (see p. 61). But we 
have yet much to learn regarding the way in which the living 
together of numerous individuals results in division of labour, or 
in concerted action. Of two closely related birds the one may 

^0I IV 
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be solitary, and the other markedly gregarious, the Raven and 
the Rook affording a good instance of this. Each is adapted to 
its surroundings in a different way, and both adaptations are 
admirable of their kind, though possibly the social habit gives a 
better chance in the struggle for existence, and it certainly has 
a tendency to promote the development of comparatively high 
mental qualities. As elsewhere remarked (p. 107), the remarkable 
caste-system which distinguishes social insects has a serious 
penalty attached to it, for extreme sj)ecialization involves a loss 
of plasticity which, if surroundings change quickly, may me.in 
extinction. But in social Birds and other Vertebrates improved 
mental powers may be expected to confer increased ability to cope 
with changing surroundings, and a community of the kind does 
not suggest a complicated machine easily thrown out of gear, as 
a nest, say, of Termites, irresistibly does. 

As an example of a common social bird we may take the Rook 
{Conms frttgilcgns), where there is abundant evidence to show 
that individuals may render services to the community, and that 
there may be co-operation to bring about certain common ends. 
We must, however, receive with caution some of the accounts 
that have been given of these crafty birds, and which would endow 
them with almost human attributes. It would appear that when 
raiding cultivated fields they commonly set sentinels on adjoining 
trees, and these worthies promptly give warning in raucous tones 
of the approach of danger in the shape of an agriculturalist. They 
certainly seem to have acquired knowledge, based on painful 
experience, of the lethal properties of firearms. Bernard observed 
Rooks co-operating to hunt field-voles, and his observations are 
thus summarized by Houssay (in The Industries of Anima/s ): — 
“ His curiosity was excited by the w^ay in which numerous rooks 
stood about a field cawing loudly. In a few days this was ex- 
plained: the field was covered with rooks; the original assemblage 
had been calling together a mouse-hunt, which could only be 
successfully carried out by a large number of birds acting in 
conjunction. By diligendy probing the ground and blocking up 
the net-work of runs, the voles, one or more at a time, were 
gradually driven into a comer. The hunt was very successful^ 
and no more voles were seen in that field during the winter.’* 
The social nesting-habits of Rooks are familiar to all, for the 
cheerful sights and sounds of the rookery lend to the country a 
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charm of their own (fig. 1103). The following vivid account 
given by Dixon (in Among the Birds in Northern Shires) will 
call up pleasant memories to the minds of many readers: — 
‘‘And then their home in the cluster of elm-trees yonder is a 
place fraught with interest if full of noise. Towards the close of 
February, or, if the weather be still inclement, not until the 



Fig 1x03 —A Rookery 


beginning of March, and at least a fortnight or three weeks later 
than in Devonshire, the rooks begin to tidy up their big nests 
in the slender branches at the tree-tops. Others, less fortunate, 
commence to build entirely new nests. But this building is by 
no means universal for a week or more; the mania for collecting 
sticks and turf has not yet spread through the entire colony, 
and numbers of birds may be seen looking on with indifference 
at the efforts of more industrious neighbours. What a noisy 
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animated scene the old rookery is for the next month, until the 
eggs are laid in the big massive nests; then there is comparative 
quietness until the young are hatched, when the noisy clamour 
begins again with greater volume until nestlings and parents get 
on to the adjoining fields. They return in many cases to the 
nest trees to roost, and then each evening the din is deafening 
as troop after troop of tired birds come straggling in from all 
directions and caw themselves hoarse before dropping off to 
sleep in the tall trees." The Social Grosbeak has been spoken 
of in an earlier section as a remarkable example of social nesting- 
habits (see vol. iii, p. 463). 

The social habit is not infrequently conducive to successful 
defensive measures against enemies. Birds of the swallow kind 
will unite together to “ mob " a hawk that ventures too near 
their nests, and other instances might easily be given. 

Recognition Marks in Birds . — It is obviously advantageous 
for the members of a community of animals to be able to recognize 
one another with ease and certainty. They are safer, on the 
whole, whfen they keep together, for approaching danger is pretty 
sure to be perceived by some of them, and these individuals are 
able to communicate the fact to their fellows. Co-operation in 
the pursuit of food is also promoted, and, in migrant species, long 
journeys are more likely to be successfully made in fairly close 
order. 

Wallace has given the name of ‘‘recognition marks ’* to certain 
colour- arrangements which appear to be of importance in the 
present connection, and he speaks as follows about the matter 
(in Darwinism ). — “ Among birds, these recognition marks are 
especially numerous and suggestive. Species which inhabit open 
districts are usually protectively coloured; but they generally 
possess .some distinctive markings for the purpose of being easily 
recognized by their kind, both when at rest and during flight 
Such are, the white bands or patches on the breast or belly of 
many birds, but more especially the head and neck markings 
in the form of white or black caps, collars, eye-marks, or frontal 
patches . . . (see fig. no4). Recognition marks during flight 
are very important for all birds which congregate in flocks or 
which migrate together; and it is essential that, while being as 
conspicuous as possible, the marks shall not interfere with the 
general protective tints of the species when at rest. Hence they 
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usually consist of well-contrasted markings on the wiiitrs and tail, 
which are conce.iled durinj^ re|)ose, but become fully visible when 
the bird takes flight. Such nuirkini^s are well seen in our four 
British species of shrikes, each having ([uite different white marks 
on the exj)anclcd win^rs and on the tail-leathers; and the same 
is the case with our three species of Sa\icola the stone-chat, 
whin chat, .ind wheat-ear which are thus easily recot^ni/able on 
the wini^, especitilly when seen from above, as they would be by 
stragolcrs looking out for their companions. . . . Those birds 



Fig 1104 —I, Lesser T«m ////««/»»' iikI * Kingid l’h\<.r 1- hiatuotn 

which are inhabitants of tropic*il forests, and which need rccocrni- 
tion marks that shall be at all times \ isible among the dc nsc 
foliage, and not solely or chielly during tlight, have* usuall) small 
but brilliant patches of colour on the head or neck, oltcn not inter- 
fering with the generally protective character of their plumage. 
Such are the bright patches of blue, red, or yellow by which 
the usually green Eastern barbets are distinguished, and similar 
bright patches of colour characterize the separate species of small 
green fruit-doves. To this necessity for specialization in cedour, 
by which each bird may easily recognize its kind, is probably due 
that marvellous variety in the peculiar beauties of some groups 
of birds.” If we admit the truth of th^ view just set forth, it 
follows that, in many birds, comparatively slight differences in 
plumage will often prove a safe guide in the discrimination of 
species. Though trivial in themselves they may nevertheless 



»34 


ASSOCIATION OF ORGANISMS— THE WEB OF LIFE 


be regarded as natural “labels", which indicate the presence of 
other specific differences that may Ixi much more difficult to detect. 
The theory of recognition m.irks is strongly supported by the 
fact that animals which turn white in winter commonly do not 
do so completely, but retain small dark patches. The Ptarmigan 
{La^opus viiitus, fig. 1105), for example, retains black markings 
on the side of the tail, while the male in winter plumage is further 
distinguished by black streaks near the eye. 

Social Mammals (Mammalia). — A large number of mammals 
affect the gregarious habit, and some example's of the benefits 
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accruing have elsewhere been given. Wolves, for example, hunt 
in packs, and sometimes secure their prey by very ingenious 
devices (see vol. ii, p. 16). The herding together of various 
Hoofed Mammals is distinctly of advantage in defence, and many 
such forms j)ost sentinels to warn them of approaching danger 
(see vol. ii, p. 365). Troo()s of Halx)ons and Monkeys make 
well-organized raids, while their tactics during retreat from foes 
are often decidedly skilful, and have reference to the well-being 
of the community (see vol. ii, p. 363). 7 Te cubs of the Fur- 
.Seal benefit by the mode of life in their “ rookery " (see vol. iii, 
p. 492). To consider in detail all the groups of mammals in 
regard to social habits would be an almost endless task, and the 
present purjx)se will perhaps be sufficiently served by taking one 
or two typical and interesting cases. 





PRAIRIE DOGS \Cynontys JLudot/zctanus) 


These animals have received their somewhat inappropriate name 
from the curious way in which they “ bark ” on the approach of 
danger, but in reality there is nothing dog-like about them, for they 
are sbcial burrowing Rodents or Gnawing Mammals, not distantly 
allied to the Marmots of the Old World. They are among the 
most characteristic inhabitants of the great plains to the east of 
the Rocky Mountain Highland in North America The earth 
thrown out from each bui*rovi' is heaped up into a mound^^that 
serves as a sort of watch-tower, on w'hirh a sentry may be posted. 

The Rattlesnake or the Burrowing Owi may take possession of 
a bur*o^v, but the old idea that snake, bird, and prairie-dog live 
together in the same quarters on amicable terms is quite untenable. 




PRAIRIE DOGS (CYNOMYS LUOOVICIAN'JS) AT HOME 
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The Common Prairie- Marmot [Cynomys Ludovicianus), more 
familiarly known as the Prairie-** Dog ”, on account of the barking 
soxind to which it gives utterance when alarmed, is a social 
burrowing rodent native to the dry open plains on the east of 
the Rocky Mountain highland. Several individuals live together 
in the same burrow, and a very large number of these homes 
may be associated together into a ** city The excavated earth 
is partly heaped up into a mound at the entrance to the burrow, 
and this may almost be called a watch-tow^er, since it is commonly 
occupied by a sentinel, who performs the usual duties of his office. 
On hearing his warning bark the neighbouring individuals scuttle 
down into their underground dwellings. The opening of each 
burrow’ is somewhat funnel-shaped, some of the earth dug out 
having been regularly arranged round it, and pressed together 
till firm: the probably being to prevent flooding out during 
sudden showers. Owning to the fact that Burrowing Owls and 
Rattlesnakes are not infrequently found in the dwellings of this 
rodent, the conclusion has somewhat hastily been drawn that the 
three kinds of animal constitute a kind of “happy family”, living 
together on the best of terms. This, however, is not the case, 
for the Owl simply takes possession of a deserted burrow, while 
the Rattlesnake appropriates one at random, ejecting the rightful 
owner if necessary, and thereafter \ isits his neighbours, levying a 
tax upon their offspring. The Common Prairie- Marmot is about 
a foot in length, exclusive of the short tail, but a larger and a 
smaller s[)eries arc also indigenous to North America. The 
former is the Mexican Prairie-Marmot (C Mcxicanus\ while the 
smaller sort is the C'olumbian Prairie-Marmot Colityiibianns), 
winch inhabits higher ground in the western part of North 
AnuM'ica. Their habits arc^ imu h the same as those of the 
common form. It appears that there is a winter-sleep in the 
case of indn iduals which li\e pivit) far north. The True 
Marmots (species of s) are sennewhat larger animals allied 

to the {)receding, and like them gregarious borrowers. They 
ha\e a wide range through the northern parts of North America 
and pAirasia. living on jilains e.xcept in the -outhern part of their 
distributional area, where thew are typical mountain-animals. It 
is a familiar fact that they indulge in a long winter-sleep. 

The Beaver (Cas/or yiber) is a very large social Rodent which 
formerly had a wide extension in Kurope and North America, 
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but has been hunted down to such a deplorable extent, chiefly for 
the sake of its fur, that it now exists in greatly diminished num- 
bers, and in all probability will become extinct at no distant 
period, except in cases where it is strictly preserved. It was 
once a native of Great Britain, though its range never extended 
to Ireland. According to Geraldus Cambrensis it lived in the 
river Teifi (Cardiganshire) so late as ii88, and is thought to 
have survived in Scotland to a still later period. The American 
Beaver is probably a distinct species (C. Ca/mffvfisis), and its 
habits have been more carefully studied than those of the Euro- 
pean kind. The animal is an expert swimmer and diver, being 
modified in structure in connection with this habit, as elsewhere 
described (see vol. iii, p. 73). In all probability it was originally 
a bank-dweller, excavating an upwardly sloping burrow', with 
the top end expanded into a living chamber, and the entrance 
below the surface of the water. And where this unfortunate 
animal is subjected to much persecution its architectural efforts 
do not attain anything of more elaborate nature. Under normal 
circumstances, however, much more complex homes are mach*, 
which may be regarded as having been evolved by gradual 
stages from the primeval burrow. They involve the construction 
of “dams” and “lodges”, a narrow stream being converted by 
the former into a series of ponds, of which the surface-level re- 
mains fairly steady, thus giving favourable conditions for building 
the lodges or houses. It is essential that the district should be 
well wooded, as the chief material used in making the dams con- 
sists of the trunks and branches of trees, some of which may be 
much as 40 inches round at the base and 120 feet high. The 
tools employed are the powerful incisor teeth, and a tree is felled 
by being bitten round in a neat manner near the ground. As 
H. T. Martin says (in Casioroiogia ): — “No better work could 
be accomplished by a most highly -finished steel cutting tool, 
wielded by a muscular human arm ”. 

Trees growing near water usually slant towards it, and when 
sufficiently weakened by the gnawing process must, as a rule, fall 
that w^y. It was once supposed that the Beaver secured this 
end by biting more wood from the side facing the stream, but 
this appears to be incorrect. When the tree is felled its branches 
are gnawed off. and the timber is cut up into lengths of five or 
six feet, the bark being peeled off to serve as food. It is, indeed, 



SOCIAL BACKBONED ANIMALS 


137 


quite possible that the habit of bark-feeding was the original one, 
and that the use of the wood for constructive purposes has been 
evolved subsequently. The process described provides for the 
framew^ork of a dyke, and twigs, &c., are added, together with 
much earth. The nature of the work is adapted to the local 
conditions: in the case of brooks or large streams with ill-marked 
banks there is a “stick-dam”, in which the earth is of compara- 
tively small amount: where the water is deeper and the banks 
clearly delined there is a “solid-bank dam”, with enough earth 
to co\er up all the woody framework. In the former case no 
special channel is made through which the water may make its 
way, while in the latter case a suitable exit is scooped out on 
the top of the d) ke. In order the better to resist water-pressure, 
the upper side of the barrier is sloping; its lower surface is ap- 
proximately vertical. 'The foundation is from about 9 to 12 
feet, the u[ ^^art about 2 ieet in thickness. The dam is built 
straight <iv ross if the current is gentle, while the greater pressure 
(‘xisiing in a rapitl streiim is c()inpensaU‘d by making the work 
( ui \ ( d. with its C()n\e\ side* f.icing upwards. The following 
r.u\ till account of this [)rc!iminar\ engineering work is given 
b) 1 cwvis H Moigan (^in Hic Auuiiiaii and hi^ 

and it will bc' noted that h(' does not favour the common view 
that se\cM'al or a large number of lamihes co-operate for the 
benefit ot the '• \ illage ” --“The dam is the princij)al structure 
of the iHci\cr. It is .ilso the most im[x>rtant of his erections 
as it is the most e\tensi\(‘, aial hc*cause its production and pre- 
seiwation could only be accomplished by patient and long-con- 
tinued labour. In point of time, also, it precedes the lodge, 
since tlie door of the lattiT and the entrances to its chamber are 
constructed with reference to the level of the water in the pond. 
The object of the dam is the formation of an artificial pond, 
the principal use of which is the refuge it affords to them when 
assailed, and the water connection it gives to theii lodges and 
to their burrows in the banks. Hence, as the level of the pond 
must, in aH cases, rise from one to two feet above these entiances 
for the protc'ction of the animal from pursuit and capture, the 
surface-level of the pond must, to a greater or less extent, be 
subject to their immediate control. As the dam is not an ab- 
solute necessity to the beaver for the maintenance of his life, 
his normal habitation being rather natural ponds and rivers, and 
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burrows in their banks, it is, in itself considered, a remarkable 
fact that he should have voluntarily transferred himself, by means 
of dams and ponds of his own construction, from a natural to an 
artificial mode of life. Some of these dams are so extensive as 
to forbid the supposition that they were the exclusive work of a 
single pair, or of a single family of beavers; but it does not 
follow, as has very generally been supposed, that several families, 
or a colony, unite for the joint construction of a dam. After care- 
ful examination of some hundreds of these structures, and of 
the lodges and burrows attached to many of them, I am alto- 
gether satisfied that the larger dams were not the joint product 
of the labour of large numbers of beavers working together, 
and brought thus to immediate completion; but, on the contrary, 
that they arose from small beginnings, and were built upon 
year after year, until they finally reached that size which ex- 
hausted the capabilities of the location; after which they were 
maintained for centuries, at the ascertained standard, by constant 
repairs. So far as my observations have enabled me to form 
an opinion, I think they were usually, if not invariably, com- 
menced by a single pair, or a single family, of beavers; and 
that when, in the course of time, by the gradual increase of the 
dam, the pond had become sufficiently enlarged to accommo- 
date more families than one, other families took up their resi- 
dence upon it, and afterwards contributed by their labour to its 
maintenance. There is no satisfactory evidence that the Ameri- 
can beavers either live or work in colonies; and if some such 
cases have been observed, it will either be found to be an ex- 
cejnion to the general rule, or in consequence of the sudden 
destruction of a work upon the maintenance of which a number 
of families were depending. The great age of the larger dams 
is shown by their size, by the large amount of solid materials 
they contain, and by the destruction of the primitive forest 
within the area of the ponds; and also by the extent of the 
beaver - meadows all along the margins of the streams where 
dams are maintained, and by the hummocks formed upon them 
by and through the annual growth and decay of vegetation in 
separate hills. These meadows were undoubtedly covered vdth 
trees adapted to a wet soil when the dams were constructed. 
It must have required long periods of time to destroy every 
vestige of the ancient forest by the increased saturation of the 
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earth, accompanied with occasional overflows from the stream. 
The evidence from these and other sources tends to show that 
these dams have existed in the same places for hundreds and 
thousands of years, and that they have been maintained by a 
system of continued repairs. 

“ At the place selected for the construction of a dam the 
ground is usually firm and often stony, and when across the 
channel of a flowing stream, a hard rather than a soft bottom is 
preferred. Such places are necessarily unfavourable for the in- 
sertion of stakes in the ground, if such were, in fact, their practice 
in building dam.s. The theory upon which beaver-dams are con- 
structed is perfectly simple, and involves no such necessity. Soft 
earth, intermixed with vegetable fibre, is used to form an em- 
bankment, with sticks, brush, and poles imbedded within these 
materials to bind them together, and to impart to them the re- 
quisite solidify to resist the effects both of pressure and of satura- 
tion. Small sticks and brush are used, in the first instance, with 
mud and earth and stones for down-weight. Consequently these 
dams are extremely rude at their first commencement, and they 
do not attain their remarkably artistic appearance until they have 
been rai.sed to a considerable height, and have been maintained 
by a system of annual repairs for a numl>er of jears.” 

The beaver-house or “ lodge ” is a domed structure, con- 
structed of clay and wood on the upper side of the dam. A 
lodge is from 6 to 8 feet high, and its base is 9 to 12 feet broad, 
or rather more. The living-room within, which also serves as 
a “nursery”, is lined with gra.ss, and its floor is at water-level. 
There are several entranc€‘s which open well below the surface, 
so that there is no danger of blockage by ice during the winter. 
The beaver does not hibernate, and its [)ond is deep enough to 
enable it to swim about under the surface of the ice in the most 
rigorous seasons. The lodge includes a store-chamber, in which 
large quantities of the succulent rhizomes of certain water-lilies 
are heaped up for winter use. Tree-branches are also accumu- 
lated in the deejjcr parts of the pond for the same purpose. 
Martin (in Casforologia) makes the following interesting remarks 
regarding the popular misconception o to the highly-finished 
character of the lodge, and also as to the way in which it has 
evolved from the simple burrow The beaver-lodge is gener- 
ally included in the list of marvels re.served for the investigation 
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of those who visit beaver-districts, and yet no greater disappoint- 
ment awaits the inquirer than the first inspection of one. Some- 
how the minds of all lovers of natural history become affected by 
the fabulous accounts concerning this structure, and it is a shock 
to stand for the first time before a pile of twigs, branches, and 
logs, heaped in disorder upon a small dome of mud, and to learn 
that this constitutes the famous lodge. Of course the superficial 
glance does not con\ev all that can he learnt in connection with 
this work, but it does mo'^t completely disillusionize the mind. 
On breaking through the upper walls, the interior is found to be 
similar to the geniTal t\ pe of an animal’s sleeping apartment, and 
has scarcely any distinguishing characteristic. . . . Starting with 
the simple burrow, the ne\t siej) is the accumulation of logs and 
branches alunit its entrance, forming what is called a ‘bank-lodg(‘ 
In place-* wIktc the water i-» sh«dlow towards the shore, a great 
advantage would i)e deri\ed from extending this artificial co\ er 
ing c^f bru-»hw ()( h 1. so that in time a natural ('volution of the lodg(’ 
disconnected entireb from the shore' would tak(‘ pi. ice. and lorm an 
independent and \(*r\ com enient rc fuge trom landward (MIv imes ” 
It ma\ be wc*ll tc> <idcl that the* large llritteru d tail of the bei\er 
is a swimming organ, and is not emplo\(al as a trowel, ( kiy is 
maiii[)ulfited entir Iv 1)\ mcxins of the fore-paws. 

Rccoi^utfion }/a)k\ aud Odonrs, ~}s\iU\y of th(‘ gregarious 
Mammals possess ( ontrasted light and dark nirirkings which pos- 
sibl\ enable the individuals of the sami' sjiecies to recogni/(‘ one 
another. <is in the simikir cases already (U'stribcxl for birds (p 13.'’). 
The most familiar insi.ince is the white f>alch on the under side 
of a Rabbit's tail, which, though it dot*s not interfere with the 
gcner.il protective chaoicter of the coloration, makes the aniiiMl 
easily se‘en when it moves rajiidly. On this account it has also 
been describee! as an illustration of “signalling ce)Ie>r<Ltic)n ”, by 
which, when retreviting from danger, an unconscious warning is 
given by the animal to its fellows. Other instances cited by 
Wallace (in Darwinisni) are antelopes (fig. 1106), zebnis, mon- 
keys, and lemurs. In regard to the first of these, he suggests 
that the great variety in the shape of the horns has to do with 
recognition. 

Gregarious Mammals are commonly distinguished by the 
possession of a keen sense of smell, which has various relations 
to liabits. In herbiv'orous forms, for instance, it is of great 
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importance with reference to detecting the approach of carnivores. 
But it would also seem to play a part in facilitating mutual 
recognition between individuals of the same kind. At any rate 
we often find that social forms are provided, in various parts of 
the body, with peculiar glands, the secretions of which emit 



fig. iio6.>-lUrtebec« {Bmimiu caMmm) 


characteristic odours, often, to us, of disagreeable kind. The 
Rabbit {Lepus cununlui) is a case in point, for its “ rabbity smell ” 
is due to the products of a pair of glands (perineal glands) in the 
hinder part of the body. The little Peccaries {DicotyUs) of South 
America possess a good-sized gland under the skin of the back, 
Ae secretion being here a stinking oily fluid, the emanations from 
adiich no doubt assist in keeping the members of a 4roop together. 
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There is good reason why they should, for, as Beddard says (in 
The Cambridge Natural History), “ they owe, too, their safety 
from many foes to their sociable habits. Being nocturnal animals 
they are liable to the attacks of the jaguar, which will speedily 
overpower and devour a peccary that has strayed from its herd.’* 

In Deer there is usually a scent-gland (the crumen) opening 
into a pit below the eye ; so also in most Antelopes. The latter 
may also possess other scent-glands in the groin or between the 
toes. Bottle-shaped structures of the sort are found between the 
digits in Sheep (hg. 1107). It is 
interesting to note that a captive 
specimen of the Klipspringer An- 
telope (Oreotragus salt at or) has 
been observed to deliberately de- 
posit upon various objects the secre- 
tion that oozes out under its eyes. 

Such a habit if practised under 
natural conditions would no doubt 
help these animals to find one an- 
other. But the glands in the feet 
of Sheep, &c., are of special interest 
here, for drops of the strong-sniell- 
ing secretion must constantly be 
squeezed out on to thcf ground, 
leaving a well - marked “ trail 
Many other examples of scent -glands might easily be given. 
The exact use no doubt varies in different cases, and may have 
nothing to do with the social habit proper. For example, an 
animal may thus be assisted in the search for a mate, and Beddard 
suggests that some scents are possibly of mimetic nature. The 
odour of the Musk-Deer is perhaps of this kind, for it may 
suggest to aggressors the musky smell of the Crocodile, an animal 
which they would think twice before attacking. Stink-glands 
as a direct defence have been spoken of elsewhere (see vof. ii, 
p. 301). 



Flf 1107 'fruvt of Sheep (c/WxanMjdiucctcd 
to ihow scent gland, the opening of which is in- 
dicated by an arrow 



CHAPTER LXIV 

ASSOCIATION OF ORGANISMS— COURTSHIP AND MATING 


It is well known that amonfj a number of savage tribes well- 
developed thews and sinew’s are an invaluable possession to a 
young man inclined towards matrimony; he has, in short, to fight 
for a wife. Among civilized human communities good looks play 
no unimportant part in the matter, though financial considerations 
are sometimes said to be paramount. VVe have, in fact, the Law 
of Battle T\nc\ the Law of Beauty, lK)th very clearly enunciated 
by Darwin in the case of animals, and illustrated by a w’calth of 
fact. The former law is admitted by all to have great inlluencc 
in many cases in deciding which individuals shall mate together, 
but Wallace, whose opinion in all zoological matters is entitled 
to the greatest respect, does not think that ornamental males are 
preferred as partners by those of the opposite sex. The part of 
his argument, so far as the human species is concerned, is thus 
expressed (in Darwinism) :— '' A young man, when courting, 
brushes or curls his hair, and has his moustache, beard, or whiskers 
in perfect order, and no doubt his sweetheart admires them; but 
this does not prove that she marries him on accimnt of these 
ornaments, still less that hair, beard, whiskers, and moustache 
were developed by the continued preferences of the female sex. 
So, a girl likes to see her lover well and fashionably dressed, and 
he always dresses as well as he can wh(‘n he visits her; but we 
cannot conclude from this that the whole series of male costumes, 
from the brilliantly-coloured, puffed, and slashed doublet and hose 
of the Elizabethan period, through the gorgeous coats, long waist- 
coats, and pigtails of the early Georgian era, down to the funereal 
dress-suit of the present day, are the direct result of female 
preference.” One is inclined to believe, however, that an average 
girl does prefer a good-looking young man, and that female 
preference has had a directive influence on the evolution of male 
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attire. And there are so many facts supporting the view that the 
females of many animals are inHuenccd by the ornamental endow- 
ments of prospective partners, that the existence of the Law of 
Beauty will be here taken as provisionally proved. At the same 
time it must not be applied to explain facts in too sweeping a 
manner. Every case should be considered on its own merits, and 
our know'ledge of animal habits is so very imperfect that it is easy 
to fall into error. It is also necessary to carefully avoid the pitfall 
of unconsciously assuming that the mental endowments of lower 
animals closely resemble our own. There is no reason to think, 
for example, that a hen-bird exerts a deliberate choice in the 
selection of a mate. She may be strongly attracted towards one 
of several [)Ossible partners, and beauty of plumage or voice may 
have to do with such attraction, but that is not the same thing as 
“ deliberate choice ” in the usual sense. 

It is only among comparatively specialized animals that the 
Laws (^f Hattie and Beauty are exemplihed, and a few examples 
will fittingly illustrate the subject. 

COURTSHIP AND MATING OF MAMMALS (Mammmu) 

Tur L\\\ ()i H.vTTia:.- A compleu* list of s[)eci(‘s in which 
the males fight in order to secure mates would b(* a fairly comple’e 
catalogue of Mammals, for 'in this class th(* (jiK‘.stion of Hcriuty 
would appear to be subordinate. One would naturally exjxct 
combats to he most frequent in cases whcTe the females were, 
comparatively few in numbe*r. but as a matter of ficl it is bt^tler 
marked among (polygamous s|>eci(*s, which are necessarily social, 
though it 1))' no means follows that all gregarious animals are poly- 
gamous. r)eer and various other Hoofed Mammals afford good 
illustrations, and as these lead a wandering life it ,is (Possible that 
the practice of [Polygamy has arisen from the desirability of keeping 
a herd together, an end to which it is more favourable than 
monogamy. In nearly all species of Peer the males alone possess 
antlers, and this is correlated with the fact that they fight 
furiously together in the struggle to secure mates. In the ca.se 
of our native Red Deer (Ci*rvus e/a/>/nts) the adult stags live bj-^ 
themselves except for about three weeks in the autumn, this being 
the mating-season. Fierce combats are then frequent, that result 
in the discomfiture of the weaker males, some of which may be 
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killed outright. Every victor is able to secure a number of 
partners, but he has to be continually on the look-out to repel 
other stags wishing to interfere with his family life, and may have 
to yield his privileges to an intruder. Might as usual is the only 
right. 

The Law oh Beauty. — Adult male Mammals are not infre- 
quently distinguished from those of the other sex by the possession 



Fig 1108 — Mile Mmdnll n/rnnoH) 


of various ornaments, among which may be mentioned the mane 
of the Lion and the beard of the Goat. An extreme case is 
pi^esented by the West African Baboon known as the Mandrill 
\Papio mormon, fig. 1108), the name of which probably means 
“man-like baboon”. If so, it is rather a libel upon the human 
species, for the appearance of the adult male is decidedly startling. 
Either side of the face presents a furrowed blue swelling, the 
grooves being purple, while betw^een these ornaments is a strip 
of bright red, passing down to the end of the nose, which is of 
the same lively hue. A pointed beard of orange yellow completes 
a scheme of colour that is effective in its wa\. The large bare 
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patches on the hinder part of the body are also of a vivid scarlet, 
with a tinge of blue. The teeth are of formidable nature, as in 
many apes and monkeys, the canines being particularly large, 
partly no doubt with reference to defence, but partly also in rela- 
tion to combats with other males of the same species. The 
female Mandrill is faded-looking in comparison to her mate. The 
swellings on her face are comparatively small and pale, while 
there is never more than a faint display of red. 

The attractions of male mammals often include a relatively 
well -developed voice, as in the Red Deer, where during the 
mating season the stag makes a characteristic roaring sound, 
known as “belling”, though whether this serves any special 
purpose is doubtful. The last remark also applies, it would seem, 
to the American Howling Monkeys, regarding one of which 
Darwin thus speaks (in The Descent of Man )' — “The vocal 
organs of the American Mycetes caraya are one-third larger in 
the male than in the female, and are wonderfully powerful. These 
monkeys in warm weather make the forests resound at morning 
and evening with their overwhelming voices. The males begin 
the dreadful concert, and often continue it during many hours, the 
females sometimes joining in with their less jx)werful voices. An 
excellent observer, Rengger, could not perceive that they were 
excited to begin by any special cause; he thinks that, like many 
birds, they delight in their own music, and try to excel each other.” 
One is irresistibly reminded here of the “dreadful concerts” held 
nightly by the common Cat. The males appear to take the 
leading parts, and their unearthly cries seem to express (lefiani c 
of one another, rather than to be a means of attracting the solu r 
sex. 

COURTSHIP AND MATING OF BIRDS (AviS) 

The Law of Batilk. — Most male birds arc exceedingly 
pugnacious, fighting for the possession of m.itc s in the most 
determined manner, the habit being pt^rhaps lust-marked in the 
polygamous species. They may be providexi with special 
weapons, the spurs of cocks being a familhir example. The 
methods of fighting of some birds are described as follows by 
Brehm (in Front North Pole to Equator)'. Rival ostriches fight 
with their strong legs, and, striking forwards, tear deep wounds 
with their sharp toe-nails in the breast, body, and legs of their 
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opponent. Jealous bustards, after spending a long time challeng- 
ing each other with throat inflated, wings and tail outspread, 
and much grumbling and hissing, make use of their bills with 
very considerable effect. Sand -pipers and other shore -birds, 
particularly the fighting ruffs, which fight about everything, about 



a mate or about a flv. about ^im and liutlu, or about their standing- 
ground, run against tacli other with bills like poised lances, and 
receive the thrusts amont; the bia.ist feathers, which in the case 
of the ruffs are dexeloped into wh<it sirxis as a shield l^much as 
in the Lion], Coots ni-h at e.ich otlier on an unsteady surface 
of water-plants, and strike each other with their legs. Swan.s, 
geese, and ducks chase each other till one of the combatants 
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succeeds in seizing the other by the head and holding him under 
water, till he is in danger of suffocating, or at least until he is 
so much exhausted that he is unable to continue the struggle.” 

A battle -royal between two cock chaffinches is represented 
in fig. 1109. 

The Law of Beauty. — It is familiar to all that male birds 
very often differ markedly from the females in the possession 
of more ornamental characters, and a more powerful or more 
beiutiful voice. And it is significant that their charms are in 
full perfection at the time of mating. The contrast between 
the sexes is obvious on looking round any poultry-yard. Among 
ordinary fowls the striking plumage of the cock, and his scarlet 
wattles and comb, make him a handsome bird by contrast with 
the rather dowdy hen. The drake is distinctly handsomer than 
the duck. But such examples are far excelled by some of the 
allies of domesticated fowls, for in many of these the plumage 
of the male is beautiful beyond mere verbal description. Such 
in particular are the Golden Pheasant [Chrysolophiis pic/u\), 
Amherst's Pheasant (C Amhersii^), the Argus Pheasant 
{Argustanus gi^anteus), and the Peacock {Pavo cristatus). Gor- 
geously decorated male birds of the sort display their charms 
during courtship in a remarkable manner. We may take as an 
example the Scarlet Tragopan (Tragopan satura), of which the 
following description by Ogilvie Grant (in The Royal Natural 
History) will convey some idea of the brilliancy of the colour- 
scheme: — “The male has the top and sides of the head black, 
the neck, mantle, and under-parts orange-carmine, and the rest 
of the upper parts olive-brown, each feather being ornamented 
at the tip with a round white spot, partially or entirely margined 
with black; the outer wing-coverts being edged on each side 
with dark orange-carmine. The throat- wattle is salmon-colour 
with transverse blue bars, and the legs are pale flesh” Brehm, 
after describing the love -dances of various birds, thus speaks (in 
From North Pole to Equator) of this particular form:— “More 
remarkable than all the rest is the behaviour of the male tragopans 
or horned pheasants of Southern Asia, magnificently decorative 
birds, distinguished by two brightly-coloured horn-like tubes of 
skin on the sides of the head, and by brilliantly-coloured extensible 
wattles. After the cock has walked round the hen several times 
without appearing to pay any attention to her, he stands still at 
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a particular spot, and begins to bow. More and more quickly 
the courtesies follow each other, the horns meantime swelling and 
tossing, the wattles dilating and collapsing again, till all are 
lit(‘rally flying about the head of the love-crazed bird. Now he 
unfolds and spreads his wings, rounds and droops his tail, sinks 
down with bent feet, and, spitting and hissing, lets his wings 
sweep along the ground. Suddenly every movement ceases. 
Bent low, his plumage ruffled, his wings and tail pressed against 
the ground, his eyes closed, his breathing audible, he remains 
for a while in motionless ecstasy His fully unfolded decorations 
gleam with dazzling brightness. Abruptly he rises again, spits 
and hiss(‘s, trembles, smooths his feathers, scratches, throws up 
his tail, fla[)s his wings, jerks himself up to his full height, rushes 
uj)on the female, and, suddenly checking his wild ca.»-eer, appears 
b(*fore her in Olympic maje^sty, stands still for a moment, trembles, 
twitches, hisses, and all at once lets all his glory vanish, smooths 
his feathers draws in his horns and wattles, and goes about his 
business as if nothing had h<ippened.” 

'J'he combination of “spitting and hissing" with “Olympic 
inaj(*st) " in the tragoj)an strikes one as somewhat lacking in 
dram<itic fitiK'ss, from the* hum«in stand-point, but it serves as a 
reminder that the most gorgeously decorated male birds are not 
remarkable for beautiful \oicf*s. I'he unpleasant scream of the 
Pec'icock is no doubt famili.ir to all. On the other hand, the 
most gifted songsters are oft(‘n modestly attired, and it is further 
to be noted that birds of small si/e are particularly notable in 
the matter of vocal attainments. In some cases, at any rate, 
love-.songs would ajipe.ir to prove more attractive to the female 
than elabor*ite colour-displays or amorous antics. On this point 
Darwin makes the following n marks (in The Descent 0/ Afan): — 
“Natuialists are much di\id(d with respect to the object of the 
singing of birds, hew more lareful observers ever li\cd th.m 
Montagu, and he maintuiiud that the ‘males of semg birds and 
of many others do not in general search for th(' female, but, on 
the contrary, their business in the sj)"‘ng is to pc-rch on some 
cons[)icuous spot, breatliing out tin ir lull and amorous notes, 
which, by instinct, th<* fcnnale knows. «ind rc‘pairs to the spot to 
choose her mate’. Mr. Jenner Weir informs me that this is 
certainly the case with the* nightingale. Hechstein, who kept 
birds during his whole life, asserts ‘ that the female canary 
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ai\\a\s cliooscs the* best sintrer and th.it in a state ol nature 
the h ni.ile fineh selects that in.ik out of a hunclrecl whose notes 
[)k .ise her most’ Ihcn* can lx no doubt th.it buck closely 
attend to c.ieh others sonef ” It sums, liowever, to lx certain 
th.it birds t.ike a dilh^ht in thi ir nuisii.il powus (jiiite aj»cUt fiom 
th(* (piestjon of courtship, often sini^in^ tioni unuilafon or fiorn 
sheen “jo\ of life”. 



tig 1110 Mile \u II Mil busurJ Oti*n ( i//t) with 1 hi 11 p m h iiidiier^ 


It is almost su[X!rfluous to remark that in appraisinc^ the attrac- 
tions of male birds we must remember that what to us is merely 
comical, may nevertheless be well adapted to its purpose. In the 
Common Bustard {Otis tai da), for instance, the male indult;es 
in strange antics and disf)lays of plumage, and often possesses a 
large pouch that can be dilated to serve as a resonator, no doubt 
making the love-call more sonorous, though this is no more than 
the syllable oak ” often repeated. The Australian Bustard 
{Otis australis, fig. 1 1 lo) also has such a pouch, which in this 
case is simply a greatly dilatable part of the gullet. 
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Odorous attnidions are sometimes possessed by the male, 
as in th(‘ Musk-Duck [Canina wosc/iata), a species which ranges 
from Mexico to the Arg<mtinc Republic, and is known in captivity 
by lh<‘ erroneous name of “ Muscovv Duck 

h must not be imaginiHl that the courtship of any particular 
spe« II s nec(‘ssanly exemplifies th(‘ Law of Battle or the Law 
of Iksiuty only, for in many cases stiength and aesthetic qualities 
.ue both (ailed into play 

COrRTSlUP AND MATING OF RFPTILKS (Repiiua) 

Tiih Law of BATrL?. — Some male Reptiles engage in com- 
bats with one another during the mating season, a habit which 
has been observed in Alligators, some Tortoises, and certain 
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Lizards. Among the latter the males may be provided with 
strong sj)in(‘s or horns on the head, especially so in some of the 
Chameleons (fig. nn), and these weapons are no doubt used 
in their fights with one another. The jealous ferocity of the 
Amcric.in Alligator {Alli^ato}' Mississippiensis) is thus graphically 
touched off by Cyrus W. Butler (in Big Game of North America)'. 
— “On the whole, he is a sluggish, very sluggish, animal, not 
even being an active hunter; but loafs around in hope that some- 
thing may turn up — that probably a iish may unwittingly swim 
near enough to be snapped up by a quick motion of his long 
jaws. But lazy and sluggish as he is, and cold as is his blood, 
there are times when it must course .swiftly through his veins; 
for on a little island of muck, in the centre of a pond, a female 
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is heaping up a pile of saw-grass and dirt for a nest, while upon 
opposite sides of the pond, and just upon the edge of the saw- 
grass, eyeing her with warm glances of admiration, and each 
other with the sullen glare of hatred, lie two old males, whose 
scarred and bleeding bodies testify that even a ‘gators cold 
blood is thicker than water. The smaller one moves painfully, 
for his right fore- foot is missing — the larger one got his jaws 
upon it, a few rapid turns, and the foot was gone, probably soon 
buried in the stomach of the victor. The loss of a foot in 
fighting is quite common, for I have taken three thus maimed, 
and heard of others.” 

The Law of Beauty. — ^The most striking examples among 
Reptiles of relatively ornamental males is afforded by some of 
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the Lizards. In certain Indian species of the genus Sitana 
(% 1 1 12), for instance, the male is provided with a brilliantly- 
coloured throat-pouch,' which can be either folded up or dilated 
and is only fully displayed during the mating-season. It also 
appears that at this time the scent-glands of Crocodiles, Snakes, 
and Lizards are particularly active in the male. 

COURTSHIP AND MATING OF AMPHIBIANS (Amphibia) 

The Law of BatTle. — Our information here is somewhat 
scanty, but male Frogs have been observed fighting together 
with great ferocity during the mating season, at which time also 
male Toads wrestle with one another in a determined manner, 
discomfited athletes being at a discount among the females. 

The Law of Beauty. — Here we may take as an example 


COURTSHIP AND MATING OF AMPHIBIANS xi3 

the Great Crested Newt {Molge cristaius, fig. 1113), which is 
one of our few native forms. During the time of courtship 
the male possesses a special adornment in the form of a high 
saw-edged crest on the upper side of his body and tail, besides 
which his colours are brighter than those of the other sex. 

The vocal attractions of male Frogs are often considerable. 
In the Edible Frog (Rana esculenta\, for instance, the male 
possesses a pair of croaking sacs at the corners of the mouth, 
which can be dilated to serve as resonators, imparting a mellow 
tone to his voice. The “concerts’* of this and other species 
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are as striking in their way as the musical efforts of Howling 
Monkeys and some other Mammals. The following picturesque 
account of an evening performance of the kind is given by 
Thoreau (in Walden ): — “In the meantime all the shore rang 
with the trump of bull-frogs, the sturdy spirits of ancient wine- 
bibbers and wassail ers, still unrepentant, trying to sing a catch 
in their Stygian lake, — if the Walden nymphs will pardon the 
comparison, for though there are almost no weeds, there are 
frogs there, — who would fain keep up the hilarious rules of 
their old festal tables, though their voices have waxed hoarse 
and solemnly grave, mocking at mirth, and the wine has lost 
its flavour, and become only liquor to distend their paunches, 
and sweet intoxication never comes to drown the memory of 
the past, but mere saturation and water-loggedness and disten* 





*54 


ASSOCIAl'ION OK 0KGAN1SMS~THE WEH OK LIKE 


tion. The most aldermanic» with his chin upon a heart-leaf, 

which serves for a napkin to his droolino chaps, under this 

northern shore (juaffs a deep draught of the once scorned waU‘r, 
and p<isses round a cup with the ejaculation tr - r - r - ootik\ 
tr r-y-oonk, tr-r-r-oonk ! and straii^htwa) comes over the water 
from some distant cove the same pas^-word rei)eatecl, where 
the next in senioritv and j^irth has j^ulpcd dowm to his mark; 
and when this observance has made the circuit of the shores, 
then ejaculates the master of ceremonies, with satiskiction, 
ir-r-r-oonk, and each in his turn repeats the same down to the 
least distended, leakiest, and flabbiest-paunched, that there be 
no mistake; and then the bowl round again and again, 

until the sun disperses the morning mist, and only the patriarch 

is not under the pond, but vainly bellowing troonk from time 

to time, and pausing for a reply.” 

COURTSHIP AND MATING OF FISHES (Pisces) 

The Law of Battle. — During the spawning - season a 
number of male fishes are very pugnacious, fighting one another 
on the least provocation. We may take as examples the Salmon 
{^Salma solar) and Three -Spined Stickleback {^Gasterosteus 
cuuleatus). At the time when Salmon make their annual ascent 
of rivers the lower jaw of the mature male grows out into a 
sort of hook (fig. 1114), which is supf^osed to serve as a pro- 
tection against the furious charges of his rivals, while at the 
same time his teeth become long and sharp, being freciuently 
over half an inch in length. Two males have been observed 
fighting together a whole day, and the mortality is often con- 
siderable. 

The little Stickleback is no less savage during the days of 
courtships at which time he becomes of a vivid red colour, 
that has earned him the local name of “robin”. Fred Smith 
(in The Boyhood of a Naturalist) thus graphically describes a 
combat: — “Oh, we 'needn’t be so cautious in approaching, at 
least not this ditch, for the stickleback is monarch of all he 
surveys here; and though just a bit scared when our shadows 
fall athwart the water, he immediately reappears in a defiant 
attitude which there is no mistaking. I speak of ‘he*, be- 
cause the only stickleback at present visible, and which I knew 
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I should fiiul Ai th(‘ spot, IS ail ticqu.nntaiKe of (juiK lonij;' stand- 
in,^ and is a ‘robin, a nili man slukbback as beautiful 
a', la u bia\( rsIov\ ai h m tm n o\(i and show himself when 
1 doin in thii littli k d woim riuo, what a i^or uous crimson 
bic ist, wall Saks ()l bn Jiu ^ snvii and buk lila the sheen 
o( a sunset sky and ^^<s iik^ points of lixma this, 

in hi> cHoits to ni istM the poor woiin’s v\ri^^dina» 01 to break 
It in tvv(j Ixfoie atu mplma to sw illovv And now that is ac- 
conqilislad Ik talas his srand under tbit d( use dump of weed 
i which (.c^nUiins Ins instil And hco‘ tomes anotlu i stickleback, 



innocently looking foi somcthin<y to eat, and appr' aches within 
a fool of that clump ot weed Like a h^htning liadi the ‘robin* 
shoots himself at the intiuder, and she, a lady stickleback, turns 
one or tv\o SvKiiersaiilts, t;oes very pale and almost tiansparent, 
and heats a precipitate retreat This looks cruel hut he only 
meant to friLihten the hia/en female who d.ued to v^enture so 
near to his domain See him now Another ‘robin* has 
approache'd, pcrh<i[)s the husband of the friohteiud lady. Now 
It IS war, now he is reidy to be cruel if he can Before we 
can think, ^rcen <ind ciimson and gedden lights pla\ madly before 
our eyes; and this brilliant display is all that can be made out 
till it is sutidcnl) resolved into two go.^cous robins, more brilliant 
than ever in their ra^e, their eyes very balls of fire, their dorsal 
and lateral prickles erect and reel as though touched with fire. 
Only an instant are they (\uict, when our older friend renews 
the attack with such ferocity that our later acquaintance deems 
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discretion the better part of valour, and, not in too great a hurry, 
but with a certain dignity, follows his lady-love, to whom he 
no doubt describes the tremendous thrashing he has given to 
her ungallant molester." Lloyd Morgan (in Animal Sketches) 
gives the following very interesting account of a complete stickle- 
back love-story, the scene being an aquarium: — 1 began by 
putting into one of my glass tanks, in which there grew sufficient 
healthy weed to ensure the purity of the water, a male Thornie 
and three females. The male was just beginning to assume the 
bright colours (blue and crimson and creamy white) of court- 
ship. But the largest and stoutest of the females bullied him 
so unmercifully — reversing the usual order of things among 
sticklebacks — that in two days he was utterly dejected and crest- 
fallen, and had completely lost all sign of colour. I then put 
into the same tank another male. Him, too, the irascible old 
lady bullied unmercifully, pulling his fins and his tail in the 
most vulgar fashion, until he leapt out of the water in his agony. 
I felt that such conduct could not be allowed. It pained me 
to see my little friend treated worse than ‘the Private Secretary’, 
and that by a lady whom he would fain have made his wife. 
I therefore removed the offending party, and kept her in solitary 
confinement in a separate lank, introducing in her stead one 
quieter and less quarrelsome. This was at about ten o’clock 
in the morning. But 1 shortly found that there was a new 
element of difficulty in getting my finned family to dwell to- 
gether in peace and harmony. After some slight angry skirmish- 
ing, the two little males began a regular downright battle, using 
freely the strong spines which form the outer rays of the ventral 
fins. Never were seen more infuriated little monsters. It was, 
however, soon evident which was master, for ere long the victor 
was chasing the vanquished round and round the tank, seizing 
him at times by the pectoral fin, holding on and shaking him 
like a young bull-dog, the three females timidly looking on the 
while. At about three o’clock the victor’s angry passions begaft 
to subside to some extent He still had a suspicious mien; but 
with well-feigned nonchalance he began to carry about some- 
what aimlessly any little bits of stick or broken pieces of alga 
he could find, as though he thus intended to proclaim that, now 
he was master of that tank, he was going to settle down ther^ 
and build his nest He was, however, evidently too perturbed 
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in his mind to do any serious work, for he continually left off 
to go and give the other fellow an additional bit of a drubbing; 
so that at five o’clock I took pity on the dejected little fish, 
and removed him to another tank. (A description of the way 
in which the victorious male built a nest here follows. See 
vol. iii, p. 428,) He was by this time in glorious colour, 

bright red all over the gills and along the ventral region, light 
creamy pink or blue on the back, his eye a very sapphire for 
brightness and purity of blue. Yet would not his mates be 
coaxed to the nest. Dress as he might, and air his finery as 
he would, they remained obdurate, insensate, and unmoved. 

I hen would he show' his not unnatural pique and annoyance 
by running at them from a distance and giving them most un- 
gallant digs in the ribs. This is, however, it should be stated 
in extenuation of his conduct, a recognized part of the mysteries 
of stickleback courtship. I therefore removed the females, 
placing them in a tank close by, so that the little gentleman 

could show off his attire in one tank, while the ladies gazed at 

him admiringly from the other, without danger of being pestered 
by his too urgent attentions. After a rime one of the females 
put on her w’edding finery, her sides becoming marked with 
bands of deeper brown; and as she seemed anxious to join the 
merry little monarch of the other tank, I transferred her thither. 
He at once became much excited, and looked, if possible, rosier 
and bluer-eyed than ever. He soon dashed off to the nest to 
see that all was there in readiness, and passed through it, re- 
maining inside half a minute or so. After having thus pre- 
pared his nest for her reception he returned to the female, and 
swam slowly round and round her, frecjuently passing in front 
of her. The gay rogue! He knew' that she could not resist 
those rosy cheeks and that bright blue eye. Nevertheless he 
found it his duty to dig her several times in the ribs, and was 
clearly somewhat annoyed that she delayed so long to come to 
his nest. Unfortunately 1 was then called away from my room, 
so that I did not on this occasion see her pass through the nest 
and lay her eggs there.” For furthe: particulars regarding the 
home-life of this and other kinds of stickleback, the reader is 
referred to the delightful book from which the above extract is 
taken. 

The Law of Beauty. — We have just seen that a male fish 
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may assume courtship colours of brilliant kind, but in some 
species the attractions are of a more elaborate nature. A j^oocl 
instance arnont* British marine fishes is ailorded b) the* (a-nimeous 
I)ra5>oiva or (lolden bkiiI[Mn {CaZ/uviynins /vnr, fi^. 1115), where 
the female is of a dull browM, and was ri^rm(*rl\, undei the 
name of the Sordid r)ra5L(onet, considered t(j ht a distinct 
spc*cies. d'lie male, however, is ^(‘llow, with spots iiid stripes 
of blue, besides wnich his hr t dorsal Tin is i(‘l.iti\ely lar^e, and 



Fig -Ceronieou« Prigomi v/j w/« /> f t Male abo^^■ fmi ,'il Lx-low 


its first ray is draw'ii out into a lont^ slender fiLinuMU. which 
appears to be of the nature of an ornament. Holt has described 
the courtship of an allied sjKs ies, the S[)ant(led Dra^oiua (( . 
lineaius), and says rej^ardinj^^ the male that- -“its head and body 
are indescribable mingled harmony ot many shades of brown 
and blue and ^reen, set off with li'^ht-blue spots and })carl- 
coloured stripes; the anterior dorsal fin, which can be erected 
like a hic^h sail, is j^olden )ellow. studded with many white-edj^cd 
blue ocelli; the tail fin is a blend of brown and \ellow, set with 
turquoise spots; the belly fin is like dark-blue velvet sown with 
rows of turquoi.se; the pelvic fins are like golden-f^reen satin, 
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fringed \^ilh dark blue, and spaii'^led with small tur(]uoise spots; 
and the [sectoral hns are ot a delicate la\ ender-t(ray, with serried 
dark-hrovMi ^pcTs. I he ftMiiale is hut a dish-clout in respect of 
liim ” In still another s})eci(*s of Hia'^onet (C. carebayts), how- 
ever, it is th(‘ ft'niak' which is heaunhii, and she no doubt takes 
th(* lead in courtshij). It is inreia amt; to note* that Alcock has 
described an Indian llat fish {A) noolos^u^ ma^rolopbH:^) in which 
the male possesses a kait| crc*^t, owine to tlie excessive develop- 
ment of tli(^ ra) :> at the front end ot the cJorsal tin, somewhat 
as in the Dra'^unets above described. 

cni RT.dtlP AND MATING OK INSECTS ^’nsecta) 

Tin I \w 01 ibvTTi ) . -The jaws ot some male beetles are 
of uiotr' ' 'e (Til;. 1116), and to these are sometimes added 
ccmspirin.iis horn like outt^rowths from the head or thorax, 
'flu sc ioatup s have sus;t;esUHl such names as ‘'stag beetle", 



Fifi niCi Vlrop.cil Uctile »(./.!»' MxleiMpifr feniJe on nght 


“rhinoceros beetle”, cS:c. Such structures may possibly be used 
ill tiijhts for the ptissession of mates, but this has not so far 
been proved, and the matter must remain unsettled until our 
knowleds^e of habits is more complete. 

Various male insects have, however, been observed fighting 
for. partners, and Darwin (in The Destaii of Man) gives apiia- 
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rently well -authenticated instances of this among digging wasp- 
like forms {Cercerts), Saw-Flies, Bees, and even Butterflies. 

The Law of Beauty. — Male insects, especially Butterflies, are 
often more beautiful and more conspicuous than individuals of the 
other sex, but it is necessary here to be cautious in drawing 
conclusions, for courtship is not the only business of life. That 
the female should often be in plain attire would often appear to be 
a protective measure, as it is more important for the welfare of the 
species that she should escape from enemies than her comparatively 
useless partner. The same explanation may be given where 
female butterflies are conspicuous as the result of protective mimi- 
cry (see vol. ii, p. 31 1). This line of argument, however, may 
easily be carried too far, and the usually brighter colours of the 
male in insects (and other animals) cannot be satisfactorily ex- 
plained simply as one of the results of greater energ)^ and activity. 
In many groups the eyes are complex and highly developed, and 
that they often minister to a “colour-sense " is generally admitted, 
the relations between insects and flowers, for example, affording 
much evidence in this direction (see p. 85). Admitting this, 
Wallace suggests that his theory of recognition marks (sec pp. 
132, 140) may account for many of the distinctive colours and 
markings of insects. In arguing against this view Poulton says 
(in The Colours of Animal ^ — “that the beauty of the colours and 
patterns displayed in courtship can never be explained by this 
principle. For the purposes of recognition, beauty is entirely 
superfluous and indeed undesirable; strongly -marked and con- 
spicuous differences are alone nece.ssary. But these, which are 
sp well marked in Warning Colours, arc not by any means 
characteristic of those displayed in courtshi[). If an <irtist, 
entirely ignorant of natural history, were asked to arrange* all the 
brightly-coloured butterflies and moths in Lngland in two divi- 
sions, the one containing all the beautiful patterns and combina- 
tions of colour, the other including the staring, strongly-rt)nt»*asted 
colours, and crude patterns, we should find that the latter would 
contain, with hardly an exception, the species in which independent 
evidence has shown, or is likely to show, the existence of some 
unpleasant quality. The former division would contain the 
colours displayed in courtship and when the insect is on the 
alert, concealed at other times. The immense difference between 
the two divisions, the one most pleasing, the other highly repug- 



COURTSHIP AND MATING OF INSECTS i6i 

nant to our aesthetic susceptibilities, seems to me to be entirely 
unexplained if we assume that the colours of both are intended 
for the purposes of recognition. But these great differences are 
to be expected if we accept Mr. Darwins views; for the colours 
and patterns of the latter division appeal to a vertebrate enemy’s 
sense of what is conspicitous, while those of the former appeal to 
an insect’s sense of what is beatdifuL It is, of course, highly 
remarkable that our own aesthetic sense should so closely corre- 
spond with that of an insect. I believe, however, that it is 
possible to account for this wonderful unanimity in taste. Our 



Fig XI 17. — Orange-Tips ( 4ntfn}cf!/tris cardammes) in Centre (male left; female nght). Cabbage- Whites 
Imtitme) at Sides (male nght. female left} 

standards of beauty are largely derived from the contemplation 
of the numerous examples around us, w'hich, strange as it may 
seem, have been created by the aesthetic preferences of the insect 
world.” 

Among our native species the Orange-Tip Butterfly {Antho- 
charts cardamims, fig. 1117) may probably be taken as a good 
example of courtship coloration. As in most other butterflies, 
these insects bring their wings togethc when they settle, and are 
then inconspicuous, as the under surfaces of these organs are pro- 
tectively coloured, being white with greenish mottlings. This is 
more particularly true for the female Orange-Tip, which is often 
found sleeping among the blossoms of Wild Chervil (Anihriscus 
sylvestris), with the colour-scheme of which it harmonizes w'onder- 
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without any sign from the female, one of the males pairs with her 
and all the others immediately disappear. In these cases the 
males do not fight or struggle in any way, and as one watches 
the ceremony the wonder arises as to how the moment is deter- 
mined, and why the pairing did not take place before. All the 
males are evidently most eager to pair, and yet when pairing takes 
place no opposition is offered by the other males to the successful 
suitor. Proximity does not decide the point, for long beforehand 



the males often alight close to the female, and brush against her 
with fluttering wings. In watching this wonderful and compli- 
cated courtship one is drivcjt to the conclusion that the female 
must signify her intention in some way unknown to us, and that 
It is a point of honour with the males to abide by her decision. 
I ha\'e watched the [)rocess (exactly as I have described it in a 
common northern Noctua, the Antler Mot' [L7i(xr(ras orcwimis), 
and I have seen the sam<! thing, among lu'cales. I'he fact is well 
known to ent(^mologists, and as far as the evidence goes, it 
supports Darwins theory.” 

1 HE OF Matio. As implied in the prec(‘ding pare. 
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graphs, an insect may be guided to a suitable mate in several ways. 
One of the most remarkable is found in the possession of an 
exceedingly delicate sense of smell by male insects, especially 
in cases where sight would often be useless. The moths which 
** assemble *’ are no doubt a case in point. When an adult female 
makes her appearance in the world she is quickly attended by 
a large number of admirers, although immediately before none 
were to be seen in the immediate vicinity. This fact is well 
known to collectors, who by the simple device of putting a female 
that has just left the chrj^salis into a little box, with gauze sides, 



Fig. 1119. — The Emperor Moth (Satt/mia cat^tmi) Male left, female right 


and carrying the same into a suitable locality, are often able to 
capture large numbers of the corresj)onding male. In such cases 
the antennae of the latter are large and complicated (fig. 1119), 
no doubt ministering to an unusually acute sense of smell. The 
mouth-parts of an insect of the kind are often much reduced, his 
last meal having been taken when he was still a voracious larva. 
Courtship and mating fill up the brief span of his adult life, and 
unless a partner be quickly found he is doomed to speedy death 
in a celibate condition. Hence the extraordinary development of 
the olfactory organs, to aid him in his quest. 

In other cases the visual organs are unusually large, appa- 
rently with the same purpose. An instance of the kind is thus 
described by Carpenter (in Insects, their Structure and Life) : — 
Some male Mayflies are provided with peculiar large frontal 
eyes, carried on columnar outgrowths of the head, in addition 
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to normal lateral eyes like those of the females. The reduction 
of pij^ment and the presence of a thick layer of homogeneous 
fluid . . . has led to the conclusion that the special function of 
these eyes is to discern moving objects in the dusk, to enable 
the male to secure 


a mate in the airy 
twilight dance of 
the short - lived 
Mayflies” (fig. 
1 1 20). 

In many of the 
nocturnal Beetles 
which are known 
as (jIow - Worms 
the female wing- 



I-Ij: 1 1 ao —Horizontal ScLiions through the Heads of a Male (nghi and 
I rni lie ^leit) Mayfl> (C /oi yiizro/a), enlarged Hrain , ventral gan- 

gliuii 6 , OuliLt A/ , mouth pirts 


l(‘ss and grub -like, as in our familiar native species {Lampyris 
noctiliiid), and practically monopolizes the po^^er of emitting a 
clear light from peculiar patches of skin along the sides of the 


body. As the eyes of the male in such cases are well developed, 
sometimes remarkably so, the object ol the arrangement is 


tolerably clear. In some of the in- 
sects of this sort, native to South 
America, the difference in appearance 
between the male and female is par- 
ticularly marked, the latter sex closely 
resembling the larva (fig. 1121). In 
Paraguay some of these grub-like fe- 
males are known as “railway-beetles” 
being said to exhibit a “ danger sig- 
nal ” at either end, and a row of 
“caution signals” along each side, or, 
to speak less metaphorically, possess- 
ing luminous organs in the positions 
indicated which respectively emit red 



Fig 1121 - A South American Glow Worm 
[Pfttngodes Hiertmymi), x 3 Male on left, 
female, on nghi 


and green light. A cynical remark might here be made, as to 
the appropriateness of such colours in tiic female sex. 


There is still, however, much to be learnt as to the meaning of 
luminous organs in insects, for it appears that in species belonging 
to the same family as the Glow-Worms, e.g. the well-known Fire- 
Flies {Ltuioia) of South Europe, the light-giving power is more 
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strongly developed in the males. Nor can it well be deemed as 
probable that they are here the sought and not the seekers, for 
we should then expect to find the eyes of the female better 
developed than those of the opposite sex, but this is not the c2Lse. 

COURTSHIP AND MATING OF SPIDERS (Araneid^) 

The lot of a male spider is not altogether desirable, for he is 
much smaller than his prospective partner, who sometimes makes 
a meal of him. It is scarcely worth while in this case to make 
separate headings of the Laws of Battle and Beauty, for both 
may find their application at the same time. Dr. and Mrs. 
Peckham have investigated this subject as regards species of the 
family of Hunting Spiders {Attidce\ Their observations, some 
of which are quoted below (from Papers of the Natural History 
Society of Wisconsin^ 1889), are intensely interesting, and clearly 
prove that the females of various species do not mate at random 
with any swain that offers, often being exceedingly fastidious, and 
sometimes tragically cruel. The males generally possess special 
markings and ornaments, which they display in ways that often 
appear grotesque; they also perform complex evolutions, some 
of these being rather weird “dances** (fig. 1122), of which one 
(for Saitis pulex) is thus described; — “ He saw her as she stood 
perfeedy still, 12 inches away; the glance seemed to excite him, 
and he moved toward her; when some 4 inches from her he 
stood still, and then began the most remarkable performances 
that an amorous male could offer to an admiring female. She 
eyed him eagerly, changing her position from time to time so 
that he might be alwa}s in view. He, raising his whole body on 
one side by straightening out the legs, and lowering it on the 
other by folding the fii .t two pair of legs up and under, leans so 
far over as to be in df nger of losing his balance, v/hich he only 
maintained by sidling rapidly towards the lowered side. The 
palpus, too, on this side was turned back to correspond to the 
direction of the legs nearest it (see fig. 1122). He moved in a 
semicircle for about 2 inches, and then instantly reversed 4 he 
position of the legs and circled in the opjjosite direction, gradually 
approaching nearer and nearer to the female. Now she dashes 
towards him, while he, raising his first pair of legs, extends them 
upward and forward to hold her off, but withal slowly retreats. 
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Ag^in and again he circles from side to side, she gaamg towards 
him in a softer mood, evidently admiring the grace of his antics. 
This is repeated until we have counted 1 1 1 circles made by the 
ardent little male. Now he approaches nearer and nearer, and 
when almost within reach, whirls madly around and around her, 
she joining and whirling with him in a giddy maze " One feels 
quite glad to hear that the suit of this particular male was suc- 
cessful. He was decidedly in luck, for we learn that the females 



Fit iiM.^Coomhip Attiiud«s of Male Spidcri, enlarged a Saihsfmlfr dananj; b f/ni ttfuni 
approachiag fenulc c and u Red and black vaneiies of ^j/ia id approachiog Aiiiiudet 

of his species are very fastidious, and frequently turn admirei’s 
away. 

A number of males often compete for the good graces of a 
single female in some of the species observed, in which case the 
latter takes some time to make up her mind. Competing wooers 
from time to time interrupt their antics to tussle with one another. 
Boldness or persistence sometimes wins the day. The male of 
one species {Dendryphantes capitatus) may frisk around for hours 
displaying his special beauties, until “.it last the female, either 
won by his beauty or worn out by his persistence, accepts his 
addresses’*. And in another form (Hasarius Hoyt) a male was 
brave enough to walk up to an evidently displeased female, 
“ when she seized him and seemed to hold him by the head for 
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a minute, he struggling. At last he freed himself and ran away.** 
Only to come back again, however, for we read that: “ This same 
male after a time courted her successfully”. Tragic courtships 
were also observed, as in the case of a particularly ruthless female 
(of Phidippus morsitans) who behaved thus: — “The two males 
that we provided for her had offered her only the merest civilities, 
when she leaped upon them and killed them 

In one remarkable species {.-Is/ui vittatd) the female is red, 
and there are two kinds of male, red and black respectively, which 
court in different Wci\ s (fig. 1122). W'hen they are rivals, black 
is invariably the winning colour. 

It has been suggested that the small size and great activity 
of male spiders are adaptations which to some extent reduce the 
appalling dangers of courtship. In l(‘avino this group th(* writer 
ventures to express a hojxi that many field naturalists may feel 
moved to observe the habits of common native forms on the lines 
so successfully followed by Ur. and Mrs. Pcckham, in this and 
other fields (see p. 55). Anything approaching the skill and 
devotion of 'these investigators, applied to the study of almost 
any species, would most assuredly yield a rich harvest of valuable 
results. 


COURTSHIP AND MATING OF CRUSTACEANS 
^Ckustacea) 

Comparatively little is known about the love affairs of the 
higher members of this group, which deserves far more attention 

in this matter than has so far 
been bestowed upon it. It 
will perhaps suffice here to 
quote an exceedingly interest- 
ing account which is given by 
Alcock (in A Naturalist in 
Indian Seas) of a little Fiddler 
Crab [Gelasimus annulipes, fig. 
1123), which is very abundant 
on the mud-flats at the mouths 
of the Godavari and Kistna. The pincers of the female arc small, 
and only used in feeding, but in the male one of them is of great 
size and bright pink in colour, serving as an ornament and also 
as a weapon. Alcock thus describes the courtship of these little 



T 1 1 J3 Indun f iddler C rab annith^t, 

Female on left, male on rijthi 
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animals: — “ Landing one afternoon in March upon a cheerful mud- 
flat of the Godivari sea-face, I was bewildered by the sight of a 
multitude of small pink objects twinkling in the sun, and always, 
like will-of-the-wisps, disappearing as I came near to them, but 
flashing brightly on ahead as far as the eye could reach. It was 
not until I stayed perfectly quiet that 1 discovered that these 
twinkling gems were the brandished nippers of a host of males 
of Gelashnus annulipes. By long watching I found out that the 
little creatures were waving their nippers with a purpose — the 
purpose apparently being to attract the attention of an occasional 
infrequent female, who, uncertain, coy, and hard to please, might 
be seen unconsciously sifting the sand at the mouth of her burrow. 
If this demure little flirt happened to creep near the buirow of one 
of the males, then that favoured individual became frantic with 
excitement <1. round his domain on tiptoe and waving his 

great cherry hand as if demented. Then, if another male, burn- 
ing with jealousy, showed a desire to interfere, the two puny little 
suitors would make savage back-handed swipes at one another, 
wielding their cumbrous hands as if they had no weight at all. 

Some of the Crustaceans possess the power of emitting sounds 
(see p. 37), possibly to serve as love-calls, and the courtship 
habits of such species would probably prove interesting. 



CHAPTER LXV 


ASSOCIATION OF ANIMALS-MESSMATES OR 
COMMENSALS (COMMENSALISM) 


Messmates are organisms of different species which are more 
or less closely associated, to the benefit of at least one j^artner in 
the concern Cases of this sort are grouped under the head of 
Commensalism Mutualism {Symbiosis) is a much more intimate 
kind of relation between two organisms, to the advantage of both, 
as already described. The best examples of such Mutualism or 
Symbiosis involve a partnership for certain cases where plants 
and animals are thus associated (see p. 75). It is doubtful 
whether any two kinds of animal live together in this intimate 
fashion. Parasites are animals which live on or in other animals, 
at their expense, and to their detriment. Parasitism also includes 
cases where one organism concerned is a plant (see p. 76). 

In a broad sense all the animals which live and feed together 
in the same place may be regarded as messmates, and the rela- 
tions between such species may be very complex. It will, how- 
ever, be well to restrict the term to cases where the connection 
is of closer and more constant nature, involving the interests of 
definite species. But it must not be forgotten that this kind of 
association has no doubt gradually arisen from relations which 
were originally of more casual kind. So many instances of Com- 
mensalism are known that it will only be possible to dcs ril>e a 
few of the more striking examples. 

FISHES (PiscKS) AS MESSMATES 

Some extraordinary cases have been described where small 
bony fishes take up their quarters within the digestive organs 
of lower animals, sallying forth from these peculiar refuges as 
circumstances dictate. The most familiar instance of this ii 
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afforded by a slender form {JFierasJer) living in the gullet of a 
kind of Sea-Cucumber, which does not appear to gain anything 
by way of return for its hospitality. Some of the giant sea- 
anemones living on the Great Barrier Reef of Australia harbour 
gaily-coloured little fishes belonging to the Perch family, a given 
species of anemone being the home of a particular species of 
fish. The fish-guest (Amphiprion percula^ of one such obliging 
zoophyte (Discosotna Kenti) is orange-red in colour, marked by 
three cross -bands of pearly white, these and the fins being 
edged with black. An allied anemone (Z). Haddoni) entertains 
a little fish bicinctus) which differs from its relative in 
possessing two bands only, while the black edging is absent 



Fig. 1 134 — Indan Rock Perch {Mmous $mrmi$) with Cominetual Polypes mhwi) 


The same anemone also extends its hospitality to a red-and- 
white Prawn {Pal^enton). In these cases the fishes not only find 
a secure shelter, the stinging properties of which ward off 
attack, but also probably filch some of the food of their living 
Homes. On the other hand, it is possible, as suggested by 
Saville Kent, who has described the associated animals, that 
the bright tints of the gue ts serve as “lure colours”, enticing 
animals which serve as food for the anemones. 

The relations just described are occasionally reversed, as when 
a fish serves as a moving home to zoophytes. Alcock describes 
a Rock Perch {Minous inemiis, fig. 1124), native to the Indian 
Ocean, as being always more or less encrusted with small polypes 
(Stylactis minoi), which, being of course carried about from place 
to place, have a better chance of getting abundant food than if 
they were attached to a stone or sea- weed. The fish may perhaps 
derive some protection from the stinging properties of its guests. 
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MOLLUSCS (Mollusca) AS MESSMATES 

A marine snail {^Pleurotoma symbiotes^ fig. 1125), living in 
the deep water of the Indian Ocean, always has its shell more 
or less encrusted with colonial sea-anemones (Epizoanthus\ Both 
animals are no doubt benefited, for the mollusc is protected, while 
the anemones are carried about. 

A number of small Bivalve Molluscs are associated with bur- 
rowing Sea-l^rchins or Crustaceans. One such bivalve 
cuta jferr 74 gi 7 iosa\ native to South Devon, lives in the dwelling 
which a Heart- Urchin {^Echmocardium cordaium) excavates in 
muddy sand. The circulation of sea -water which takes place 
within the burrow (see vol. iii, p. 357) ensures 
a constant supply of food by w’hich the mollusc 
benefits. In places where the sand is loose 

and wet the Heart-Urchin is in the habit of 

coming to the surface, along which it makes 
its way, but the lodger is not thereby left be- 
hind, for it spins byssus threads that attach it 
to its partner. 

A rare little British Bivalve {F.epton sq 7 ia- 
mostim) inhabits the burrow of a prawn -like 
Crustacean* ( stellata), and. having an 
exceedingly fiat shell, does not interfere with the 
movements of its protector. A similar partnership exists on the 
coast of Elorida between two s[)ecies related to the preceding, 

while on the shores of Oregon and California a third association 

of the sort is more intimate, for here the Lepton attaches itself to 
the abdomen of the Upogebia. A burrowing Australian prawn 
{Axitis plectorhynchtis) harbours two species of a kind of bivalve 
{^Ephippodonia), which is never found elsewhere. The flatness, 
so i\ecessary to allow of the restless movements of the prawn, 
is here produced by the valves of the mollusc opening to their 
fullest extent. This particular prawn appears to be a specialist 
in the matter of providing lodgings, for four other bivalves (one 
species of Kellia and three of Mylitta) find a commodious home 
in its burrow, which also contains an orange -coloured sponge. 
The last possibly serves as a protection to the crustacean, but the 
arrangement would appear to be quite one-sided so far as the 
molluscs are concerned. 



Fig lias —An Indian Sea- 
Snail \PUur0tonta iymbiatts 
with Commensal Sea • Ane 
mones tptiranthut, 
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As with Fishes (see p. 171), Bivalve Molluscs are not always 
lodgers in the case of partnerships, but may afford shelter to 
weaker creatures. A well-known instance is that of the little 
rounded Lodger- Crabs (Pinnotherid(c), in which the eyes have 
undergone great reduction. Among bivalves which provide them 
with homes may be mentioned Horse-Mussels (Jllodio/a), Oysters 
(Os/rra), Pinnas, and Tridacnas, while some crabs of the kind 
take up their quarters wathin ascidians or sea-cucumbers. Van 
Beneden thus speaks of these little lodgers (in Animal Parasites 
aftd Messmates)'. -“It is not a taste for voyaging which tempts 
them, but the desire of ha^'ing alw’ays a secure retreat in every 
place. The pinnothere is a brigand who causes himself to be 
follow'ed by the cavern which he inhabits, and whichi opens only 
at a well-known watchword. The association redounds to the 
advantage of both; the remains of food which the pinnothere 
abandons are seized upon by the mollusc [or, rather, some of its 
remains may be carried by ciliary action into the mouth of the 
mollusc]. It is the rich man wdio instals himself in the dwelling 
of the poor, and causes him to participate in all the advantages 
of the position. The pinnotheres are. in our opinion, true mess- 
mates. They take their food in the same waters as their fellow- 
lodger, and the crumbs of the rapacious crabs are doubtless 
not lost in the mouth of the peaceful mussel. There is no 
doubt that these little plunderers are good lodgers, and if the 
mussels furnish them with an excellent hiding-place and a safe 
lodging, they themselves profit largely by the leavings of the 
feast which fall from their pincers. Little as they are, these 
crabs are well furnished with tackle, and advantageously placed 
to carry on their fishery^ in every season. Concealed in the 
bottom of their living dwelling-place (a den which the mussel 
transports at will) they choose admirably the moment to rush 
out to the attack, and always fall on their enemy unawares. 
Some of these pinnotheres live in all seas, and inhabit a great 
number of bivalve molluscs.” The habits of these curious little 
crabs attracted attention in remote times, and have been the 
subject of much curious speculation. Stebbing (in A History of 
Crustacea) makes the following remarks upon the ancient views, 
and discusses the origin of the commensal habit: — “The name 
Pinnoteres means one that watches or guards the Pinna, and 
there can be little doubt that it was the form used by Aristotle 



174 ASSOCIATION OF ORGANISMS— THE WEB QF LIFE 

[and not Pinnotheres, meaning one that 'hunts the Pinna*'], 
seeing that he also speaks of Pinnophylax, a word of precisely 
the same meaning. Not only Aristotle, but many succeeding 
writers of renown, such as Cicero, Pliny, and seemingly Linnaeus 
himself, accepted the opinion that there was a compact between 
the mollusc and the crustacean for their mutual benefit. When- 
ever little fishes swam in between the expanded valves of the 
mollusc, it was supposed that its companion gave it a little 
friendly nip, upon which the valves snapped together, the prey 
was secured, and shared between the confederates. A similar 
policy was pursued to exclude the intrusion of a dangerous foe. 
The great antiquity of the belief is attested by the fact that the 
Egyptians in their hieroglyphics made use of the pinna and crab 
to symbolize the helplessness of a man without friends. That the 
belief was untenable was pointed out by many naturalists, from 
Gesner down to Cuvier, on the ground that molluscs do not feed 
on little fishes, and that the residence of the crabs within the 
valves was sufficiently explained by the prevailing softness of 
the carapace in this family. This indeed applies chiefly to the 
females, and it is the females that appear to be most frequently 
found thus domiciled. It is so much the nature of crustaceans 
to take refuge in any sort of cleft or cranny that the first entrance 
of the Pinnotheres into any sort of bivalve can be easily under- 
stood. When the residence proved to be peculiarly secure, the 
shell of the crab would by degrees lose a hardness that was no 
longer especially necessary. That the crab may at times be useful 
to the mollusc seems after all not so very improbable, fo*- at the 
approach of an enemy so nervous a creature as a crab would no 
doubt begin to scuttle about, and in this way communicate its 
terror to its more apathetic companion, which would then natu- 
rally close its doors against the danger.’' 

JOINTED-LIMBED ANIMALS (Arthropoda) AS 
MESSMATES 

We are here especially concerned with Insects and Crabs, 
regarding which groups there is a great wealth of material from 
which to select, so that only a few examples can be here given, 
suf^lementing, for the latter animals, what has just been said 
about Pinnotheres. 
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Insects (Insecta) as Messmates. — It will be convenient to 
limit our attention to Bees and Ants, remembering that both 
belong to an order (Hymenoptera — Membrane-winged Insects) 
of which the members are distinguished by an extraordinary 
amount of specialization, associated with mental qualities of no 
mean order. 

Bees as Messmates . — Many species are known of what may 
be called, for want of a better word, Lodger Bees {PsitAyrus), 
each kind of which lives in the nest of some sort of Humble-Bee 
{Bomdus). In nearly all such cases the guest closely resembles 
its entertainer in appearance, and the two dwell together in a 
perfectly friendly way. The arrangement is of a one-sided nature, 
for the lodger not only has free quarters, but also makes free use 
of the provisions stored up by the industrious humble-bee, which, 
however, is not directly harmed by the association. But as a 
result of the raids made upon the larder by its lazy lodger, it is 
not able to rear nearly so many young ones as would otherwise 
be the case. A nest of a species of Humble-Bee {Bonibus varia- 
bilis)y examined by Hoffer in early autumn, contained only a 
queen and fifteen w^orkers. together with eighteen Lodger-Bees 
{Psit/iynis campestris), of which eight were females. But for the 
strain on the commissariat there would, it was estimated, have 
been 200 humble-bees in the colony, or even more. 

Ants as Mtssnnitcs.~~OQC<v^\on has already been taken to 
note the curious relations which exist between Ants and Aphides, 
the latter being fetl and tended in return for their services as 
“cows” (see p. 119). I{\en more extraordinary are the habits 
cerUiin .Slave-making Ants, which press other ants into their 
service, employing them in all the varied duties 01 the nest. 
The slavers coikIlk t organi/ed r.iids from time to time, in order 
to keep up th(‘ number of the ir deptndants, and it must be said 
that these take \er\ kindi) to their enforced labours. A notable 
Jiuropean e\am[)le i^. .ifrorded b\ the laige Amazon Ant {Poly- 
froHs 7ufcscC7is), whieh t-ns!a\es the small Brown Garden Ant 
{Formica fusia). 1 he following graphic account of the matter 
is given by Newman (in y\n I nt) oduction to the History of 
InscttP), and some' of die details ar^* se: forth in fig. 1126: — 
“ *rh(‘ most remai k<ible fact connected with the history of ants is 
the propensity possesseel In i.*'it.un sp<*cies to kidna[) the workers 
of other species, aiul coinjicl them to labour for the benefit of the 
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community, thus using them completely as slaves; and, as far as 
we yet know, the kidnappers are red or pale-coloured ants, and 
the slaves, like the ill-treated natives of Africa, are of a jet black 
[or at any rate dark in hue] The time for capturing slaves 
extends over a period of about ten weeks, and never commences 
till the male and female ants are about emerging from the pupa 
stage, and thus the ruthless marauders never interfere with the 
continuation of the species; this instinct seems specially provided, 
for were the slave ants created for no other end than to fill the 
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Station of slavery to which they appear to be doomed, still even 
th^t office must fail were the attacks to be made on their nests 
before the winged myriads have departed, or are departing, 
charged with the duty of continuing their kind. When the red 
ants are about to sally forth on a marauding expedition, they send 
scouts to ascertain the exact position in which a colony of negroes 
may be found ; these scouts having discovered the object of their 
search, return to the nest and report their success. Shortly after- 
wards the army of red ants marches forth, headed by a vanguard, 
which is perpetually changing; the individuals which constitute it, 
when thev nave advanced a little before the main body, halting, 
falling into the rear, and being replaced by others; this vanguard 
consists of eight or ten ants only. When they have arrived near 
the negro colony, they disperse, wandering through the herbage 
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and hunting about, as if aware of the propinquity of the object 
of their search, yet ignorant of its exact position. At last they 
discover the setdement, and the foremost of the invaders, rushing 
impetuously to the attack, are met, grappled with, and frequendy 
killed by the negroes on guard; the alarm is quickly communi- 
cated to the interior of the nest; the negroes sally forth by 
thousands, and, the red ants rushing to the rescue, a desperate 
conflict ensues, which, however, always terminates in the defeat 
of the negroes, who retire to the innermost recesses of their habi- 
tation. Now follows the scene of pillage; the red ants with theii 
powerful mandibles tear open the sides of the negro ant-hill, and 
rush into the heart of the citadel. In a few minutes each of the 
invaders emerges, carrying in its mouth the pupa of a worker 
negro, which it has obtained in spite of the vigilance and valour 
of its natural guardians. The red ants return in perfect order 
to their ner.t. bearing with them their living burdens. On reach- 
ing the nest the pupae appear to be treated precisely as their own, 
and the workers, when they emerge, perform the various duties 
of the community with the greatest energy and apparent good- 
will; they repair the nest, excavate passages, collect food, feed 
the larvae, take the pupae into the sunshine, and perform every 
office which the welfare of the colony seems to require; in fact, 
they conduct themselves entirely as if fulfilling their original 
destination.** The Amazon Ants are practically incapable of 
feeding themselves, being thus almost entirely dependent upon 
the good offices of their slaves. They are, however, so fierce and 
warlike that their dominance in the mixed community is easily 
understood. Far more remarkable is the mode of life of a rare ant 
{Anergates atratulm\ native to Central Europe, in which there 
is no worker caste, but only females and wingless males, both 
sexes being weak and helpless. Small numbers of them are 
found associated with numerous workers of a small species 
{Teiramorium caspituni), by which they and their offspring 
are tended, and which are vastly their superiors in strength and 
energy. How the association comes about is unknown, but it 
has been suggested that a young fertile Anergates female makes 
her way into a Tetramorium nest, destiuys the queen and young, 
and is accepted by the workers as their nominal sovereign. A 
more likely view is that such a female enters a Tetramorium nest 

containing only workers, and it appears that such nests do some- 
voL IV loe 
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times occur More observations are necessary in order to settle 
the question. Lord Avebury makes the following conjectures 
(in Ants, Bees, and JVas^s) as to the past history of Anergates: 
— ** We may safely conclude that in distant times their ancestors 
lived, as so many ants do now, partly by hunting, partly on honey; 
that by degrees they became bold marauders, and gradually took 
to keeping slaves; that for a time they maintained their strength 
and agility, though losing by degrees their real independence, 
their arts, and even many of their instincts; that gradually even 
their bodily force dwindled away under the enervating influence 
to which they had subjected themselves, until they sank to their 
present degraded condition — weak in body and mind, few in 
numbers, and apparently nearly extinct, the miserable repre- 
sentatives of far superior ancestors, majintaining a precarious 
existence as contemptible parasites of their former slaves.” 

Ants not only keep catde and slaves, but are also known, in 
many cases, to entertain quite a number of insect guests, which 
they feed and otherwise look after, their attentions being pro- 
bably often rewarded by some sort of sweet substance produced 
by their 'visitors, though this does not appear to be invariably the 
case. Beetles are especially common among such true guests, 
and many species (as also of other sorts of insect) are to be 
found nowhere else, being then known as ants'- nest insects 
(myrmecophilous insects). They often somewiiat resemble their 
entertainers in appearance, and are fully versed in the ways of 
the nest The latter point is well illustrated by the way in which 
they stroke ants that have returned from foraging, to induce them 
to disgorge some of the honey with which the crop is distended 
(fig. 1127, a). One very remarkaw* case has been described 
in which certain ants (Lasius) carry about mites on their bodies, 
feeding them from time to time, and otherwise treating them 
with great consideration, though apparently without deriving any 
corresponding benefit. 

Besides the true guests just mentioned, there may be also 
various sorts of tolerated guest, which the ants treat with more 
or less indifference. A case in point is afforded by a small ant 
(^Fomticoxenus niiidulus), which is f>crmltted to unmolested 
in the hills of the large Horse- Ant (Formica ruja), A somewhat 
amusing instance is that of a species of Tassel-tail (Grassietla 
polypodci), which maintains itself in the nest of a kind of ant 
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{Lastus mvctus). In fig. 1127. b is represented a little drama 
which appears to be frequently enacted by the two kinds of insect. 
One ant is seen in the act of feeding another by squeezing a drop 
of sweet fluid out of its crop. A tassel-tail is just about to steal 
this drop, being also 
prepared to beat a 
hasty retreat after ac- 
complishing the im- 
pudent theft. 

Crabs (Brachy- 
ura) as Messmates. 

— Partnerships be- 
tween Crabs and 
Sea-Anemones are of 
common occurrence, 
the former being 
benefited by the 
stinging properties 
of the Zoophytes, 
which in their turn 
are placed under 
favourable condi- 
tions as regards feeding. Such an association between a Buffoon- 
Crab {^Dorippe facchino) and an Anemone {Cancrisocia expansa) 
is shown in fig. 1128. An arrangement, differing in detail, has 
been described in the case of two kinds of crab native to Mauritius, 
each of which has two anemones as messmates, one fixed to each 
of the large pincers. 

Hermit-Crabs are partiailarly not- 
able for the partnershi])s which they 
contract with Zoophytes, probably be- 
cause the shells in which they shelter 
their soft tails afford a convenient 
surface for attachment. Two British 
species, for example, Enpagurus Bern- 
hm^dus and E, Pridcanxii, have as 



F»g 1127 —Scenes tn Ant Lile, enlarged a, an Ants**nesi Beetle Atemetet) 
asking o be fed. n A rasscl-rail {firasstella polypoda) about to steal a diop 
of food which one ant is giving to another 
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their respective associates two different species of Cloak-Anemone 
(Adamsia Rondeletii and A. palltata). Regarding the latter 
hermit-crab Stebbing (in A History of Crustacea) speaks as 
follows: — “Surmises are sometimes made as to the advantages 


i8o ASSOCIATION OF ORGANISMS— THE WEB OF LIFE 


which the companions may hope to gain from the alliance. The 
anemone may obviously obtain a greatly increased range for sup- 
plies of food, by the superior locomotive powers of the hermit, 
and though the weight of both anemone and shell may seem 
an unnecessary encumbrance to the crustacean, that objection is 
gradually diminished by the circumstance that the anemone in 
course of time almost entirely absorbs the shell. On the other 
hand, the presence of the anemone may be a very valuable pro- 
tection to the hermit, since numerous fishes are in the habit of 
swallowing these recluses, shell and all, merely spitting out the 
shell after they have digested its inmate. But it is most pro- 
bable that to many fishes an Adainsia palliata would be by no 
means an agreeable morsel, even when flavoured with crab- 
sauce. It is also not unlikely that the anemone may contribute 
to the commissariat by throwing out its darts as some swift- 
gliding shrimp passes by, and thus reducing it to a condition in 
which it can be captured by the pagurid.” In some of the 
hermit-crabs the shelly dwelling is coated by a hydroid zoophyte 
{Hydraciinia echinatd), which by its growth is able to enlarge 
the hermits home, thus saving him the trouble of looking out 
for fresh quarters, as in other cases is done from time to time as 
the exigencies of growth may determine. It is said that when 
a hermit in partnership with an anemone changes his abode he 
carefully detaches his messmate from the old domicile and attaches 
it to the new one. 

The messmate of an American hermit [Eupagurus pubescens) 
is a colonial sea-anemone {Epizoani/ius), which gradually absorbs 
the protective shell, constituting thereafter an expansible covering, 
which obviates change of residence. Anderson’s Blanket -Crab 
(Cklanopagurus Andersofti, fig. 1129), native to the Indian Ocean, 
is associated with a similar anemone, and is said never to use a 
cast-off shell as a refuge. Alcock (in A Naturalist in Indian 
Seas) thus summarizes in an interesting way the salient features 
of associations of the kind: — “ Sea -anemones here [i.e. on the 
Orissa coast], for the most part, were found attached to the shells 
of hermit-crabs, &<?., a case of Hobsons choice sometimes, ijo 
doubt, but also sometimes illustrating that happy bond of com- 
mensalism, or Platonic union, which is one of the most valuable 
object-lessons for man's edification that marine zoology affords. 
When two animals of different grades in the zoological scale live 
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together in such a fashion that each one assists the other in some 
definite way, while doing it no manner of harm, they are termed 
commensals or messmates. For instance, when a hermit-crab and 
a sea-anemone live together, the hermit-crab, being by nature a 
very ill-clad and vulnerable animal, acquires by the partnership 
a thick and easily-adjustable greatcoat, while the sea-anemone, 
being by nature a hopeless lump of an animal, dependent on 
chance currents for its 
food and oxygen, ac- 
quires an engine and 
intelligent engine-driver 
all in one, which are 
always carrying it in the 
way of the necessaries 
of life; and yet with 
this mutual assistance 
there goes absolute in- 
dependence in all other 
respects, such as mis- 
tresses and servants, 
who would both be 
none the worse for a 
little knowledge of the 
principles of zoolog), 
never dreamt of.” 

Certain crabs have 
sponges as messmates, 
the mutual advantages 
being much the same 
as before, it being remembered that sponges are usually avoided 
by predaceous creatures which appreciate the flavour of crus- 
taceans. In the members of one family of crabs {Dromidai) the 
last pair of legs are modified in relation to the commensal habit, 
being small, with more or less hook-like tips, and having shifted 
somewhat towards the upper side of the l^dy. They are used 
to hold a sponge or some other passive messmate that serves 
as a sort of living cape, promoting concealment and protection. 
In the common Sponge-Crab {Dromta vulgaris)^ as the popular 
name indicates, this companion is a sponge. So also in a little 
species (Crypiodramia pileifera^ fig. 1130) from the coral-reefs 
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of the Andaman Islands, and in this case the messmate is cap- 
shaped, and fits very neatly to the back of its active partner. 

Hermit-Crabs are also in some in- 
stances associated with sponges, one of 
them {Eupagurus Cttanensis) being par- 
ticularly notable in this respect, for the 
shell in which it lives is completely over- 
grown by an orange -coloured species 
{Suberites doniunculus\ leaving only a 
small aperture to serve as a front door. 
As this particular sponge is not only full 
r«. ii3o.-undcfViewofanAndanuu» of sharp spicules^ but also disagreeable 

to both smell and taste, we might ex- 
pect it to prove a very efficient protec- 
tion. and Garstang has found by actual experiment that fishes 
find it extremely repulsive. 


SIPHON-WORMS (Gephyrea) AS MESSMATES 

Some of these curious worms take up their quarters in 
empty shells, and in certain cases this has led to a curious kind 
of commensalism, to some extent teminiscent of what happens 
in hermit-crabs. For just as anemones attach themselves to the 

dwellings of hermits, so do 
certain simple corals affix 
themselves to the shells appro- 
priated by siphon-worms, after- 
wards increasing in size so as 
to conceal these from view, so 
rig II3I -Under (left) and upp., (nght' sid« of a that in the end we find the 

Cup-Conl (f/tterv/tammta Muhth , showing opening i r l l i 

of ihe dwelling of lU Commensal S v m-Wunn {Atfida- baSe OI the COral ttaVCrSed 

tt/Aan caraiittola) . i * i r i 

by a kind of tunnel serving 

as the home of the worm (fig. 1131). Three different species of 
coral (^Heteropmmmia Michelini, HeterocycUhus aquicostatus, and 
Stepkanoseris Rousseaui) have been described from the Indian 
Ocean, each living with "a distinct species of a kind of siphon-worm 
{AspidosipAon). Shinley has carefully examined the species {A, 
cora/lico/a) associated w’ith the first-named coral, and makes the 
following interesting remarks about the partnership (in Ceylon 
Pearl Fishery Reporl): — “The whole question of such com- 
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mensalism as exists between the Aspidosiphan and the coral is 
an interesting one. Commensalism is usually looked upon as 
conferring some mutual advantage on the contracting parties, 
and one or the other of these usually seeks the other out. But 
in the case in question the mutual advantage is far to seek. It 
can hardly help the coral to have a large proportion of its base 
burrowed by a spacious canal, but the fact that the Gephyrean 
pulls the otherwise immovable coral about may be, and probably 
is, an advantage to the Coelenterate. On the other hand, the 
Gephyrean gains protection and a home more spacious than the 
Gastropod shell affords. The Aspidosiphon can hardly find or 
attract the larval coral to come to rest on its borrowed shell, and 
it is unlikely that the larva is especially on the outlook for such 
shells as are inhabited by Gephyrea. It seems more probable 
that the Aspidosiphon may select for its home a Mollusc shell 
which already bears a young coral, but the whole matter seems 
to demand more careful study. It is certainly remarkable that 
three distinct genera of coral, each with but one species, should 
be inhabited by three distinct species of Aspidosiphon, and that 
neither commensal has hitherto been found apart from the other. 
In some cases, at least, there would appear to be a third partner 
in the concern, for numbers of a kind of minute bivalve mollusc 
were found closely attached to the outside of the siphon-worms. 
Regarding them Shipley remarks: — “These were so closely 
adpressed to the skin of the Aspidosiphon as to indent it, appear- 
ing as little pearls set m a matrix. The advantage they obtained 
by taking up such a position is not very evident, but there they 
were, and as far as one could judge they were, until Professor 
Herdman dropped them into his collecting-jar, flourishing,” 
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Parasites live at the expense of larger animals, either using 
various parts of them as aliment, or robbing them of the food 
which they have digested. The less modified forms (ecto- 
parasites) attack their “ hosts from the outside, making either 
an occasional visit, as in the blood -sucking Leeches, or dwelling 
permanently upon the skin, a condition familiarly illustrated by 
many of the Fleas. Much greater modification is found among 
those [)arasitic animals (endoparasites) which live within their 
hosts, c.iT. Flukes and Tape-Worms, and many of these pass 
through a complicated life-history, in the course of which two or 
more hosts may be utilized as homes. Many forms are parasites 
for a part of their lives only, being free-living when young or 
adult as the case may be, and not infrequently there is a differ- 
ence between the sexes in^ this respect, one of them (especially 
the female) being a parasite and the other not. 

The origin of parasitism is not far to seek. It may be regarded 
in many cases as an outcome of the carnivorous habit. Small 
animals attacked larger ones which they were unable to kill and 
devour in a straightforward fashion, so to speak, and the con- 
venience of preying upon a highly nutritious living food-supply, 
at which it was possible to ** cut and come again ”, naturally led 
to further evolution of the habit. And it is not difficult to imagine 
the stages by which external parasites gradually became internal 
parasites. Sometimes, too, no doubt, parasitism has resulted from 
the association of messmates (commensalism) in which the partner- 
ship was from the first one-sided, or ultimately became so. It 
would also seem that in many instances the habit possessed by 
many female animals of seeking out some secure refuge for egg- 
laying purposes has been the starting-point of parasitic relations. 
However originated, it is at least certain that the phenomenon of 

U4 
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parasitism is very widely spread, and there is probably no animal 
which does not unwillingly entertain unwelcome guests that make 
no return for services rendered. As De Morgan sings (in The 
Budget of Paradoxes ) : — 

“Great fleas have little fleas upon iheir backs to bite ’em, 

And little fleas have lesser fleas, and so ad tnfi7iitum\ 

And the great fleas themselves, in turn, have greater fleas to go on. 

Whilst these again have greater still, and greater still, and so on”. 

The general progress of v'olution has been from the less to 
the more specialize as a result of adaptation to increasingly 
complex surroundings, but to this parasites constitute a striking 
exception. Free quarters and free rations having been provided 
for them, they have taken bu* little part in the active struggle for 
existence, and well illustrate the principle of Degeneration. They 
are on the down-grade, adapting themselves to comparatively 
simple conditions. Hence we find that complex organs of diges- 
tion, circulation, respiration, and locumotion, together with nervous 
system and sense-org.ins, have undergone more or less reduction 
in thoroughgoing parasites, though, on the other hand, they have 
frequently developed special piercing, sucking, and adhesive struc- 
tures, enabling them to e\j)Ioit their living food -supply, and to 
maintain their position. The great danger attending this par- 
ticular mode of life is conslituted by the smallne.ss of the chance 
of transfer from one host to another. In the more helpless forms 
this difficulty is often met by the practice of living in two or more 
different hosts which eat or prey upon one another; the adult 
egg- producing stage, being the most important, 's commonly 
associated with the strongest and most highly organized of these, 
the so-called “final host”. The biological relations between the 
successive living refuges is always such as to maintain most surely 
“ th6 vicious circle of parasitism Even more important is the 
mmense fecundity of parasites, a necessary provision, for the 
chances of survival are extremely small. Leuckart calculated, 
for example, that any one egg of a tape-worm has only one chance 
in some 83,000,000 of giving rise to an idult. 

What is called Brood Parasitism, where an animal shirks the 
duty of bringing up its own young, will be considered ui this 
section, although it is by no means the same thing as true 
parasitism. 
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BIRDS (Aves) as brood-parasites 

The Common Cuckoo [Cuculus canof^s), as everyone knows, 
deposits her just-laid egg in the nest of some small bird, carrying 
it there in her bill. The proceedings of the young cuckoo, as 
observed by Mrs. Blackburn, are thus described by Lloyd Morgan 
(in Ani}fial Bt/iavioiir ): — “One of the most remarkable instincts 
of young birds is that of the cuckoo, which ejects eggs and nest- 
lings from the home of its foster-parent. Mrs. Hugh Blackburn 
found a nest which contained two meadow -pipits' eggs, besides 
that of a cuckoo. On a later visit the pipits were found to be 
hatched, but not the cuckoo. At the next visit, which was after 
an interval of forty-eight hours, ‘ we found the young cuckoo alone 
in the nest, and both the young pipits lying down the bank, about 
ten inches from the margin of the nest, but quite lively after being 
warmed in the hand. They were replaced in the nest beside the 
cuckoo, w'hich struggled about until it got its back under one of 
them, when it climbed backwards directly up tl.j open side of the 
nest, and hitched the pipit from its back on to the edge. It then 
stood quite upright on its legs, which were straddled wide apart, 
with the claws firmly fixed half-way down the inside of the nest, 
among the interlacing fibres of which the nest was woven, and, 
stretching its wings apart and backwards, it elbowed the pipit 
fairly over the margin, so far that its struggles took it down the 
bank instead of back into the nest [fig. 1132]. As it was getting 
late, and the cuckoo did not immediately set to work on the other 
nestling, I replaced the ejected one and went home. On return- 
ing next day, both nestlings were found dead and cold, out of the 
nest ' {Birds from Moidart and E/sewhere).'' Similar habits have 
been described for the Cow- Birds (species of Molobrus) of America. 
One species of these {M. rufaxillaris) actually lays its eggs in the 
nest of a related species {M. badius), which is industrious enough 
to build one for itself. It may further be remarked in passing 
that some kinds of Cuckoo also construct nests, and bring up 
their young in the usual way. 

Newton, after speaking of the social nesting-habits of certain 
birds, makes the following suggestions as to the origin of brood- 
parasitism (in A Dictionary of Birds ): — “In the strongest con- 
trast to these amk^ble qualities is the parasitic nature of the 
Cuckows of the Old World and the Cow- Birds of the New, but 
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this peculiarity of theirs has already been dwelt upon. Enoug^h 
to say here that the egg of the parasite is introduced into the 
nest of the dupe, and after the necessary incubation by the fond 
fool of a foster-mother the interloper successfully counterfeits the 
heirs, who perish miserably, victims of his superior strength. 
The whole process has been often watched, but the reflective 
naturalist will pause to ask how such a state of things came 
about, and there is not much to satisfy his enquiry. Certain it 
is that some birds, whether by mistake or stupidity, do not un- 
frequently lay their 
eggs in the nests of 
others. It is within 
the knowledge of 
many that Pheasants’ 
eggs and Partridges’ 
eggs art. ollen laid in 
the same nest, and it 
is within the know- 
ledge of the writer , 
that Gulls’ eggs have ‘ 
been found in the 
nests of Eider-Ducks, 
and vice versa ; that a 
Redstart and a Pied 
Fly -Catcher, or the 
latter and a Tit- 
mouse, will lay tneir weadow-p»pit from the Net* 

eggs in the same con- 
venient hole — the forest being rather deficient in such accom- 
modation; that an Owl and a Golden- Eye will resort to the 
same nest-box, set up by a scheming woodsman for his own 
advantage; and that the Starling, which constantly dispossesses 
the Green Woodpecker, sometimes discovers that the rightful 
heir of the domicile has to be brought up by the intruding tenant 
In all such cases it is not possible to say which species is so 
constituted as to obtain the mastery; but just as it is conceivable 
that in the course of ages that which was driven from its home 
might thrive through the fostering of its young by the invader, 
and thus the abandonment of domestic duties would become a 
direct gain to the evicted householder, so the bird which, through 
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inadvertence or any other cause, adopted the habit of casually 
dropping her eggs in a neighbours nest, might thereby ensure 
a profitable inheritance for endless generations of her offspring. 
This much granted, all the rest will follow easily enough, but 
it must be confessed that this is only a presumption, though a 
presumption which seems plausible if not likely.*' 

FISHES (Pisces) AS PARASITES 

The Lampreys and Hags (Cyclostomata) are scaleless, eel- 
shaped creatures, devoid of jaws, and in- 
termediate in habit between carnivorous 
forms and external parasites. On the 
under side of the head is a bell-shaped 
sucker, the lining of which is thickened 
into a varying number of sharp horny 
teeth. At the top of the bell is the true 
mouth-opening, provided with a projecting 
“tongue”, also tooth-bearing (fig. 1133). 
By means of the sucker these creatures 
are able to attach themselves to other 
fishes, the flesh of which they rasp a^\ay, 
using the tongue for the purpose, this 
being moved by means of powerful muscles. 

MOLLUSCS (Mollusca) AS PARASITP:S 

Certain Sea-Snails afford the best illustrations of the parasitig 
habit as occurring among Molluscs. One of the Cap-Shells (Thyca 
ectoconchay fig. 1134) is an external parasite upon a kind of Star- 
Fish (Linckia multi/oris). It will be seen from the illustration 
that this form is still easily recognizable as a mollusc, though the 
influence of its particular mode of life is also obvious. The mouth 
has shifted backwards, and is on the end of a short proboscis, 
which penetrates into the body of the host, and is surrounded 
by an adhesive disc, formed by the fusion of parts of the foot 
with an outgrowth from the head The characteristic rasping- 
organ (odontophore) has entirely disappeared, and the pharynx 
has been converted into a sort of suction-pump by which the 
juices of ihe star-fish are drawn in. The body of the same un- 
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fortunate star- fish may also present a number of rounded swellings 
in which are lodged parasitic snails of another species {Stilasier 
Ltnckia) that have undergone much further modification, being 
practically endoparasites in which the proboscis has become very 
long, while the rest of the body is much smaller in proportion, 
and the shell has disappeared. Communication with the exterior 
is still kept up, however, by means ol a small hole, in the interests 
of breathing and the getting rid of waste products. From this 
case we pass on to degenerate worm -like snails, which are true 
internal parasites, and have lost most of the typical organs of the 
group to which they be- 
long, though the study 
of their life- histories 
r^^nders no doubt pos 
sible as to their classifi- 
calory position. Their 
bodies hang freely into 
the interiors of their 
hosts, one end being 
fixed to the inner side 
of the body -wall of the 
same. A degenerate 
of the kind {Entoco/ax Ludwigii) lives within a species of sea- 
cucumber {iMyrioirochus Rinkii), and one still more strongly 
modified (^Entoconcha mirabilis) within another creature of the 
same sort {Syapta digitata). 

The parasitic habit of the larvae of Freshwater Mussels has 
been dealt with elsewhere (see vol. iii, p. 406). 

INSECTS (INSECTA) AS PARASITES 

Innumerable insects have adopted the parasitic habit, either 
for the whole of their lives or for some particular stage of exist- 
ence. It will only be possible to give a limited number of 
examples in illustration of the more interesting kinds of adap- 
tation. 

Bugs (Hemiptera) as Parasites. — The fact that the insects 
of this order possess piercing and sucking mouth-parts naturally 
suggests that some of them attack other animals, which is indeed 
the case, though ^the majority would appear to devote themselves 
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riK t’34 —Parasitic Cap-Shell {Tkjfca ettocCHcha) attached ^ the 
bkin of a btar ( ish {LtHi,Aia mulitjortt , diagrammatic section D C , 
Digestive gland. / G , foot-gangliun, S , S , suctorial disc, 0 / , otocyst. 
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to plants. Where, as largely in Water- Bugs, small creatures are 
selected as victims, these are killed as a result of the feeding 
operations, and the true carnivorous habit is illustrated. But 
Bugs which feed on the blood of relatively large animals may 
be described as external parasites. The most notable example 
is the wingless Bed Bug {Cimex lectularius), which is fortunately 
a favourite prey of several other insects, including some belonging 
to the same order {e.g. species of Reduvius). The True Lice, 
which live entirely upon the blood of Mammals, are very possibly 
to be regarded as minute Bugs, which have lost their wings and 
become modified in other ways as a result of 
the parasitic habit Considering the mode of 
life, their small size is clearly an advantage, 
and their remote ancestors were probably 
larger insects. 

Flies (Diptera) as Parasites. — A num- 
ber of these insects arc endowed with mouth - 
parts adapted for piercing and sucking, and 
are notable blood-suckers, the habit being com 
monly restricted to the females. Gnats and 
M osqui toes, M idges, Sand - M idges, Breeze- 
Flies, and Tsetse- Flies, may be cited in illus- 
tration. A very interesting series of modifica- 
tions is found within the limits of one family 
{Hippoboscida), which illustrates the reduction 
of wings resulting from the parasitic mode of life. The feet are 
provided with strong claws for holding firmly to the animals 
attacked, and males as well as females are blood-suckers. One 
of the least modified species is the Forest-Fly {Hippobosca equina), 
which infests horses. Well-developed wings are present, but not 
much used, as these insects fly unwillingly. Another somewhat 
similar form {Lipopiena cervi) lives on the Red- Deer, and its wings 
are either shed or bitten off as soon as a host has been secured. 
The wings of the Swallow- Fly {Sienopteryx hirundinis) arc small 
and narrow, while in the so-called Sheep-** Tick ” {Melophagus 
avis) they are altogether absent (fig. 1135). So also in the 
Bee-** Louse ” {Braula cacd), a minute insect that infests bees, 
and some curious little parasites (species of Nycteribid) that have 
been found among the fur of bats. 

Some of the insects of this order live within the bodies of 
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Other animals during the early part of their existence, as, e.g,, 
the Bot-Flies (OEslrtda)^ which are only too well known to the 
owners of stock. The mouth of the adult is greatly reduced, so 
that there is no question of blood-sucking, while the larvae do not 
devour the living substance of their hosts, but absorb the fluid 
which surrounds them, and is generally a morbid product result- 
ing from the irritation due to their presence. The Horse- Bot 
{Gasirophilus equi^ fig. 1136) lays her eggs upon those parts of 
the horses body which are easily reached by the tongue, and 
the young larvae, when they hatch out, are thus conveyed to 
the mouth, whence they make their way to the stomach. The 
hciid of the maggot is provided with hooks by which it bores 
into the lining of that organ. In later stages it becomes ovoid 

r * 3 4 5 6 



Fig 1136 — Horte'Bot [Gastrophiius tqnt i. Male. a. female, 3. egg 'much enlarged) att^iJted 
to hair, 4. young l^r^a ^nlaiged . older lar\a, 6, empt> pupa case 


in shape, and is known as a “bot”. Its powers of adhesion 
are considerably increased by the presence of circlets of short 
spines on the body. W^hen a large number of these larvje are 
present they set u[) innammation, &c., sometimes with fatal 
results, and they have even been known to bore right through 
the wall of the stomach. After about nine or ten months the 
larva looses its hold, and is carried through the digestive organs 
of the horse to the exterior, where it passes into the motionless 
pupa stage, from which the atlult fly later on emerges. 

The eggs of the Sheep- I>ot (CJisti'us avis) are developed 
internally, and the female (1\ deposits th*" just -born larva' near 
the nostrils of iht shee[). d'hence they pass into the nose, and 
ultimately into spaces (frontal sinuses) in the bones of the head, 
where they become “bols”. After some nine montlis’ growth 
these make their way back into the nose, from which they appear 
to be sneezed out, and pass into the j^upa stage. One or two 
more |)ests of the kind will be dealt w ith later, in the section on 
Anim.vl Foks. 

Before leaving the order of Flies, it may be noted that the 
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wingless blood-sucking Fleas are here included. The modifica- 
tions which they have undergone have no doubt been in relation 
to the parasitic habit. 

Beetles (Coleoptera) as Parasites and Brood-Parasites. — 
To this order possibly belongs a family of small insects {SiylopicUp) 
parasitic upon Bees, Wasps and, to some extent, upon certain 
Bugs. Many zoologists, however, place them in a distinct order 
{Strepsipterd), The adult female is little more than a shapeless 
bag, living in the abdomen of a bee or other host, with one end 
projecting externally (fig. 1137). The adult male, on the other 
hand, is a very active creature, possessing 
large hind-wings, but only vestiges of fore- 
wings. His free life is short, three days 
being the maximum on record, while in some 
species (of Xenos) fifteen to twenty minutes 
is the limit, though during this brief period 
extraordinary energy is shown. The nu- 
merous eggs are developed internally, hatch- 
ing out into minute six-legged larvse, which 
make their way into the bodies of bee-grubs 
or the like, though the way in which these 
hosts are found is in many cases but imper- 
fectly understood. Their presence in the 
interior of the grubs does not cause death, 
for they feed upon the fatty substance (fat- 
body) between the various organs. Having 
once become parasitic they lose their legs 
and assume the appearance of minute maggots. Later on, when 
the bee-grub passes into the pupa stage, the parasitic larva pushes 
out one end to the exterior, and, if a male, also passes into the 
pupa stage, but if a female, undergoes comparatively slight modi- 
fications. When the adult bees come out of the pupae the male 
parasites also emerge to lead their free existence, but the females 
remain fixed in their hosts. Individual bees harbour but one or 
a few of these curious parasites; in wasps they may be more 
numerous. 

The parasitic habits of some of the Oil- Beetles {MeloicUe) are 
both remarkable and highly interesting. Fabre has worked out 
the life-history of one species (Sitaris humerahs, fig. 1138), of 
which the larvae feed on the eggs and honey of certain bees 



Fig 1137 —A Bee Parasite (y/y- 
mtimmut , enlarged 1 he 
male shown above, the female 
(with two contained embryos below 
to right, and the larva below to left 
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{Antkophora) that make underground nests, storing each cell 
with honey, and then laying an egg therein. In early autumn 
the female beetle lays her numerous eggs (as many as 2000) 
near the openings of bees’ nests, and these hatch out into minute 
six-legged larvai, which hibernate till the following spring. After 
the winter-sleep is over these little creatures hold on to any hair- 
clad insects that pass sufficiently near, and are thus carried away. 
Only those which have by good fortune attached themselves to 
the right sort of bee have any chance of surviving, and a great 
many are undoubtedly transported by unsuitable insects, merely 
to die. Hence in all probability the 
reason for the production of so many eggs. 

Some of the successful larvae unconsciously 
select female bees as carriers, but most 
appear to attach themselves to drones, 
whence th^y transfer themselves to in- 
dividuals of the o{)posite sex. When one 
of these female bees lays an egg in a 
honey-filled cell, a predatory larva im- 
mediately transfers itself to the egg, and 
the bee roofs in the cell. To fall into the 
honey would be fatal to the larva, but it 
stands firmly on the floating egg, and thus 
avoids this danger. This scene in the 
drama lasts for eight days, the larva 
being busily employed eating up the 
nutritious contents of the egg. Moulting now takes place, and 
the once active rol)ber is transformed into a plump grub with 
breathing-holes (stigmata) placed in the upper part of its body, 
so that it can float in the honey without fear of suffocation. The 
sweet food-supply is exhausted in about forty days, by which time 
it is mid-July, and the grub next becomes a motionless false-pupa, 
but without shedding its skin, which remains as a dry covering to 
the body. The further stages in the life-history may follow im- 
mediately. but are usually postponed till the following spring, after 
a long winter-sleep. In either case tlic false-pupa assumes once 
more the form of a grub, the skin, however, being retained as 
a second dry investment. In about two days the grub becomes a 
true pupa, from which the perfect insect emerges a month later. 

Some other Oil- Beetles (species of Mcloe) have much the same 

VUL. IV. 107 
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kind of life-history as the form last described, and are parasitic on 
bees of the same sort The female beetle does not, however, lay 
her eggs near a suitable nest, but simply deposits them in the 
ground. The six-legged larvae climb up various plants, and com- 
monly lie in wait on or near their flowers, attaching themselves 
at random to any hairy insects that come near enough. The 
chances of a given larva reaching a suitable destination are ex- 
ceedingly small, but as a set-off against this each female beetle 
lays some 10,000 eggs, which allows for considerable wastage. 

Membrane-winged Insects (Hymenoptera) as Parasites. — 
Among the most interesting members of this order in the present 
connection are the Ichneumon- Flies, and other forms of similar 
habits, in which the female is provided with a sharp ovipositor, 



ni. 1139.— The Ydlow-Legsed IchneuoMMi'Fljr {Micrpgasttr a. Adult, Unra. dead caterpillar 
of Cabbage- Butteirfly, surnwiided by cocoons of the Ichneumon. Site of m and h indicated by t>ie short liiM-t 

by means of which she deposits her eggs within the bodies of 
the larvae, pupae, or even eggs of other insects. In some cases 
deposition takes place not irr, but on or sufficiently near suitable 
victims. The early stages of Butterflies and Moths are particu- 
larly liable to such attacks, and in this way the ravages of many 
of our familfar agricultural and garden pests are kept within 
bounds. Some of these parasites are in turn similarly attacked 
by insects not distantly related to them, a case of the biter bit. 
The common Cabbage- Butterfly [Pieris brassica) is subject to 
the attentions of a number of these forms. By one (Pofyfjrma 
gracilis^ its eggs are pierced, two others {^Microgaster glome rat us, 
fig. 1139, and Pimpla instigator) lay their eggs in its caterpillars, 
and still another two {Pteromalus puparum and P. ponti(r) attack 
its chrysalides. 

Certain larvae and pupae, that live where one would expect 
them to be quite secure from these parasitic insects, arc n(*vcr- 
theless sought out by them, and exposed to the murderous 
assai ts of their brood. One kind of Ichneumon-Fly {Agriotyptis 
armatus) boldly plunges into watei, arid lays her eggs in the 
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larvae of caddis-moths. Others (species of Rhyssa and Tkalessa, 
fig. 1140) possess powerful ovipositors three or four inches 
long, with which they penetrate trees tunnelled by the larvae 
of wood-wasps {Siricid^y The grubs which hatch out from 
the eggs of such ichneumons attach 
themselves as external parasites to 
the wood-boring larvae. Fabre has 
described the even more remarkable 
habits of another parasitic form {Leu- 
copsts gigas), that seeks the nests of the 
Mason -Bee {Chaltcodoma murana), 
in which a number of cells, each 
containing a larva, are surrounded by 
little stones cemented together (see 
p 53). The p^iiasite thrusts her stout 
ovipositor through weak spots in 
this masonry, never failing to reach 
the contained cells, in each of which 
she deposits an egg. It is only when such a cell contains a full- 
grown bee-larva, on the point of becoming a pupa, that the 
operation attains the desired object. In this case the parasitic 
grub first wanders round the cell to destroy any other eggs that 
may have been there deposited, and then attaches itself to the 
bee-larva, the juices of which nourish it for two or thiee weeks. 
Next follows a quiescent period of ten or eleven months, after 
which the larva becomes a pupa, from which the perfect insect 
soon emerges. 

SPIDER-LIKT^. ANIMALS (Arachnida) AS PARASITES 

Many of the Ticks and Mites (Acarina) are parasitic upon 
other animals, and some of them have earned con- 
siderable notoriety on this account. Ticks are 
greedy blood-suckers which lurk on plants, and 
attach themselves to passing birds or mammals, 
human beings not excepted (fig. 1 141). One of the 
best-known species is the Dog-Tick {Ixodes ricinus), ii4» -a Tick 
A victim once secured, the tick buries its piercing 
mouth-parts in the skin, and takes in so much blood that it swells 
visibly. When satiated it drops off, and digests the meal at leisure. 





196 ASSOCIA'nON OF ORGANISMS— THE WEB OF LIFE 


Mange- or Itch-Mites exhibit degrees in parasitism. Some 
of them {Dcrmatophagus) simply devour the loose scales which 
are constantly being detached from the epidermis, while others 
i^Dcr^natocoptes) suck blood. But the most objectionable (Sar- 


B 



Fig Ii4t —A, Ro<it of hair a' enlarged, showing a 
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live in the noses 01 dogs and 


copies, fig. 1142), those respon- 
sible for the unpleasant disease 
known as “ itch actually bur- 
row in the skin, within which the 
female lays her eggs, and may 
therefore be described as true 
internal parasites. They live on 
the blood and other juices of 
their hosts. 

A curious little elongated mite 
{Simonea folliculorum, fig. 1142) 
lives in the little bag-like glands 
attached to the roots of hair, in 
which a sort of fatty matter is 
secreted. 

The degenerate Tongue - 
W orms ( Linguatnlida ) which 
olv^es. are doubtfully classed with 


the Arachnida (see vol. p. 393). 


CRUSTACEANS (Crustacea) AS PARASITES 

A large number of the lower Cru.staceans are parasitic, and 
some of *hein have become extremely de- 
generate as the result of their mode of life, 
especially in the case of the females. A 
few exam[)les must suffice. 

F’oRk loiH'EO Cru.stacea (Copepo’^a) 
AS Parasites. — Many of the members of 
this group are found attached to fishes, 
usually by means of their suctorial mouths. 
They are popularly, though somewhat in- 
appropriately, known as Fish - “ Lice 
Among the least modified kinds are those 
{Argalus, fig. 1143) found attached to the 
skins of carp and sticklebacks, holding on by a couple of suckers 
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formed by the modification of parts of two limbs. The piercing 
jaws are enclosed in a sharp beak-like projection. 

A larger amount of modification is found in the female parasite 
{Ac/itkeres) depicted in fig. 1144, and which is not infretjueiuly 
found attached to the gills or living in the throat 
of the perch. Creatures of the kind also infest a 
large number of marine fishes. One (^Lerncea, fig. 

1145) is sometimes found attached to the eye of 
the sprat, and, as it is phosphorescent, the little 
fishes which harbour these unwelcome guests are 
known to fishermen as “lantern sprats". 

Barnacles (Cikripfdi v) as Parasiiis. — Some 
of the members of this group have undergone an 
extraordinary amount of degeneration as a result 
of parasitisrr This is carried to an extreme in 
a form (Sacculma, fig. 1146) that is sometimes t.^M44-APrnh 
found projecting from the under side of the tail of ’ **'"''* 

* ^ Ptycarum), cnbrgeft 

the Shore-Crab {Caicinus manias). Onlv a pro- 
fessed zoologist would suspect it to be a Crustacean, for in appear- 
ance it is simply a rounded bag, which dissection show’s to be 
provided with numerous branchin<g root -like threads that grow 
through the body of the unfortunate host. e\tending even to the 
tips of the limbs. A study of its weird life-history (fig. T146) 
definitely proves that it is really a distant relative of its unfor- 
tunate host. From the egg hatches out a 
little larva, of the kind (nauplius) tvjMcal for f\ ^ 

low’er Crustaceans (see vol. iii, p. 364). After 1 /J 

uiulergoing several moults it assumes a form J 

not unlike that of a mussel -shrimp, and con- V 

tinues to swim about for three days or more. B 

At the end of this period it seeks a very ^||Upr 

young crab, and fixes itself by means of a i-.g i.45-‘^prat ■ i.a.se * 

* o J (/ trnera enhrged 

feeler to the soft membrane at the base of 
one of the bristles on a limb or on the back ol its victim. The 
hinder part of its body is then thrown off bodily, and the onjans 
contained in the remainder fuse together in^ a soft mass. Around 


this a membrane is developed, part of which becomes converted 
into a tube that is pushed into the interior of the crab. Through 
this the soft substance of the parasite squeezes itself. Within the 
body of its host it migrates to the region of the intestine, in 
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the neighbourhood of the tail, and root - like threads grow out 
from it in all directions. Fed by these it grows rapidly, and 
exerts so much pressure on the muscles and skin which arc 
placed between it and the under side of the tail that they be- 
come thinner and thinner. Ultimately, as the final result of this 
process, the parasite projects to the exterior, its roots, however, 
remaining inside the crab. 

Some of the higher Crustaceans belonging to the group of 
Slaters (Isopoda) are also parasitic, and have undergone profound 
modifications. 

SFJGMKNTKD WORMS (Annelida) AS PARASITES 

We are here concerned with various Bristle- Worms (Chaeto- 
poda) and Leeches (Discophora). 

Bkistle- Worms (Cii 1 torodn) as Parasites. — A number of 
marine worms are external parasites upon hosts of widely different 
nature, including star-fishes, sea-urchins, 
sea - cucumbers, corals, and even other 
annelid.s. Cases have also been de.sciibed 
where one species of marine Avorm lives 
parasitically within the Ijody of another 
species. Much more interesting than 
these, however, are certain small flattened 
creatures (e.g. Myzosto^na, fig. 1 147), which 
live upon, or more rarely within, feather- 
stars and sea - lilies, .sometimes causing 
-gall-like growths that serve as habitations. 

Since these curious little parasites possess 
a small number of foot-stumps, each ter- 
minating in a pair of bristles, they are probably to be regarded 
as bristle-worms that have become modified in consequence of 
their mode of life. And this view is supported by the fact that 
they begin existence as larvar which closely resemble those of 
typical worms of the kind. 

One large group of Annelids (Few-bristled Worms, Oltgochccta)^ 
of which earth-worms and certain freshw. forms are the t)pical 
representatives, includes a small number of .species resembling 
leeches in appearance, as well as in the fact that bristles are 
entirely absent. They are ectoparasites upon crustaceans, the 
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Crayfish {^Asiacus fluviati/is), for example, being infested by 
several of them (species of BranckiobdelUi), which suck its blood 

and devour its eggs. 

Li:i eiiKs (Disco- 
piioka) as Parasiti s. 

While some leeches 
prey upon animals 
smaller than them- 
s(‘lves, others are true 
external parasites, 
and the habits of 
these have been suf- 
ficiently described 
elsewhere (see vol. ii, 
p. 147). Some of 
these creatures (e.g. Piscicola, fig. 114S) attach themselves to 
the exterior of fishes, their presence causing great anno)ance or 
even proving fatal. 

FLUKES (Trematod.v) AS PARASITES 

The flattened unsegmented animals included in this group are, 
almost without exce[)tion, of parasitic habit. They are provided 
with organs of adhesion, in the foim of suckers, and the mouth 
leads into a muscular pharynx, which serves as a sort of sik tion- 
pump by which blood and other substances are taken into the 
body. 

As ectoparasites, flukes are only found upon the bodies of 
aquatic animals, and in this case three or more suckers are pre- 
sent, since efficient means of holding on are clearly a matter of 
primary importance. The gills of fishes are particularly liable 
to such attacks, and it is mil) natural that this should be .so, for 
their sheltered fiosition, delicate texture, and abundant blood- 
supply are great advantages, from the p.irasitic jxiint of view. 

We may take as an example a form [Octobot/u'iinn poi/iuhii, 
fig. 1149) which lives upon the gills of the pollack, adhering by 
means of eight stalked suckers. A related species (O. mir/avi^i) 
lives on the whiting, and the herring is infested by a similar 
parasite, in which, however, the suckers are not stalked. A 
curious case, where the host is not a fish, is presented by a 
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minute three -suckered fluke {Udonella ca/igorum), numl^ers of 
which attach themselves to the e<^s^-lxigs of a degenerate crus- 
tacean {Caligus), livinjr as a parasite upon the gills of the hake. 

Aejuatic Amphibians do not escape from the attacks of IMukes, 
a noLible inst.ince being afforded by one of these creatures (^Poly- 
stomnm inteovrrinnwi) which lives, when adult, in the urinary 
bladder of the frog, and illustrates the transition from external 
to internal parasitism. It adlieres to the lining 
of the bladder by means of a rounded projec- 
tion at its hinder end, on which are situ.ited six 
suckers and many small hooks, d he numerous 
eggs are laid in spring, and pas^ Irom the frog’s 
body to the exterior, wlu re the y hatcli out into 
minute ciliated larvce, whith activc-ly swim about 
in search of tad}x>les. I'o undei stand \\h*it 
happens no j it must be remembered that at 
a certain stage in development a lold grows 
back from the head of a Uidpole, covering the 
gill-slits, and uniting with the adjacent 5>kin so 
as to enclose a gill -chamber opening to the 
exterior by a small hole or spiracle on the left 
side. The continued existence of the fluke- 
larva depends upon its finding a tadpole within 
twenty-four hours, preferably one in the stage 
described. If successful in this (juest it swims 
into the gill-chamber through the spiracle, and 
becomes parasitic uj)on the gilN. After living 
for two months or so in these comfortable vtoboUunon 

fciiai-h ), enlarged 

quarters a change of residence becomes neces- 
sary, for the tadpole is becoming a frog, the gills are disappearing, 
and the gill-slits are closing up. The larva now makes its way 
into the pharynx of its host, and passing through gullet, stomach, 
and intestines, reaches and enters the bladder, where it becomes 
adult in about three years. 

Mention must here be made of a singular species of many- 
suckered Fluke {Diplozoon parado.xnvi, fig. 1150) which lax s its 
eggs upon the gills of the minnow. Mu. ite ciliated larva' hatch 
out, which perish in fiom five to six hours unless they find another 
host of the same kind. In that case, after further growth, they 
fuse together in pairs, and become X- shaped adults, capable of 
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producing eggs. The adult is therefore a compound animal, for 
each stroke of the X was originally a distinct individual, and has 
a mouth at one end. 

A great many Flukes live in the internal organs of various 
animals, and differ in several important respects from those 
already described. There is less occasion for adhc*sive organs, 
and the usual number of suckers is two, one surrounding the 
mouth at the front end of the body and the other situated upon 
the under surface. In some cases the latter is absent. Two or 
three different kinds of host are infested in the course of the life- 
history, the reason probably being that unlimited increase in the 
same sort of host might ultimately lead to 
its exinction, when a similar fate would 
overtake the parasite. Although the re- 
lations existing betw’een the two or three 
hosts are such as to favour transfer, the 
chances are greatly against the survival of 
a given larva, to meet which contingency 
immense numbers of small eggs are pro- 
duced, fewer and correspondingly larger 
eggs being the rule for ext^^rnal par.vsites 
attacking but one kind of host. And, as 
might Ije anticipated, the life-history is very 
complicated. 

The best-known fornf is the notorious Liver-Fluke (Fasciola 
hepatica, see vol. i, p. 443), which, when adult, infests the liver of 
the sheep, producing what is known as “liver rot”. To this and 
other especially injurious sjjecies reference will be made later. It 
will suffice here to describe a form (Distomuni macrostomiim, fig. 
1151) in which the life-history is rather simpler, but at the same 
time of greater interest. This little Pdiike, when adult, lives in 
the intestine of various small birds, such as sparrows, warblers, 
and tits. Its eggs pass out to the exterior, and many of them get 
scattered over leaves. If one of them happens to be swallowed 
by a particular species of small Snail (Sucemea pulris) it hatches 
out into a minute larva, which bores through the wall of the 
digestive tube, and penetrates between the organs contained in 
the body of its host. Being now surrounded by nutritious and 
ea.sily-absorbed fluid it grows rapidly, becoming converted into 
a shapeless sac (sporocyst), from which branches are given off in 
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all directions. Those which lie near the surface of the head, and 
penetrate into the tentacles, assume a worm-like form, and are 
brightly coloured with rings of white and green, while the end of 
each of them is marked with a red spot. These tints are easily 
seen through the stretched and translucent skin of the snail. The 
resemblance of these structures to worms is increased by the fact 
that they expand and contract in a rhythmic g 

way, and they were at one time actually sup- A A 
posed to be a kind of para- ^ M 

sitic worm, and received a 9 w 

special name (^Leucocklori- J 9 M 

traded by the colours and / Cl If 
movement, small birds nip X 

off the tentacles of the 1 \ , 

snail, the hright-hued tubes I 

of which contain numerous X J yT 

tiny flukes that have de- i 

veloped within them. The ^ y 

fate of these now trembles Fig usi — Datomum macrest»mum. a, a Land-SuaU (Sme^ 

tViA* fni- iT by ^porocyst, some of the banded worm hke 

m ine naiance, lOr ll tncy branches of which can be seen through skin of head and ten- 

are swallowed bv the adult **'**• ®' ^ spo^ocy*** enlarged, and showing two worm like 

* branches 

bird itself they are simply 

digested, but if, on the other hand, they are fed to its nestlings, 
they are able to develop into adult flukes. 


TAPE-WORMS (Cestoda) AS PARASITES 

Creatures resembling Planarian Worms (see vol. i, p. 445) 
were probably ancestral to Flukes, and they, in their turn, stand 
in a similar relation to the degenerate internal parasites known 
as Tape-Worms. In these the peculiar mode of life has had a still 
more far-reaching influence, for there are no digestive organs, and 
the nutriment consists either of the fluids or the already digested 
food of the animals which play the part of hosts. In either case 
it is absorbed by the general surface of the parasite. 

The simplest kind of Tape-Worm I .own (Arckigetes Sieboldi, 
fig. 1152) is a minute creature, less than one-eighth of an inch 
long, which lives within the body of the small Red River-Worm 
{Tnbi/ex), and there attains the egg-producing stege, which else- 
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where is only reached within the digestive tube of a backboned 
animal. It may possibly be a specialized larva, like the Axolotl 
(see vol. i, p. 249), but our knowledge is too incomplete to justify 
such a conclusion. 

The best-known Tape-worms consist of a head, provided with 
organs of adhesion, and passing behind into a series of flat joints 
(proglottides), in which vast numbers of eggs are produced. The 
complex life-history of the Common Tape-Worm 
(Tania soliuni) has been briefly described else- 
where (see vol. i, p. 441). In the adult condition 
it lives in the intestine of man, sometimes attain- 
ing the length of 9 feet, while in an earlier stage 
it is found encapsuled in the muscles of the pig, 
producing the disease known as “measles 



1%. lisa.— A Simple 
Tape- Worm [Atrktgtiti 
SitMUi), groatlp en- 
hrged 


Fig 1153. — A Fish Tape Worm {T€trarhjfnckMs\ a , Adult worm, 
enlarged, showing the four proboscides, b, bead of same still fuither 
enlarged, showing double suckers, and probosades slightly protruded 
c, part of a proboscis, very highly magnified, tu show the hooiu 


In one small kind of Tape- Worm (Tetrarhynchus^ fig. 1153) the 
adhesive apparatus on the head is somewhat complex, consisting 
of two double suckers, and four tubes studded with numerous 
hooks. When adult it lives in the intestines of fishes of the shade 
and ray kind (Elasmobranchii). The life-history of one species 
has been worked out by Herdman and Homell, and is of particular 
interest In this case the host of the adult worm is a large Ray 
(Trygon)^ which is common in Indian seas. The eggs pass 
from the body of the fish, and hatch out into minute active 
larvae, which perish unless they succeed in entering the shells of 
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the Pearl-Oyster {^Margaritifera vulgaris), a well-known bivalve 
on account of the pearls which it yields. The Gulf of Manaar, 
in particular, has been the seat of an important pearl-fishery for 
between two and three thousand years. Successful larvae bore 
into the bodies of the oysters, and undergo further development, 
attaining the size of a small pin's head. One of the mollusc s 
enemies is the Trigger- F'ish {Balisles), and if this swallows an 
infested oyster the tape- worm embryos bore through the wall of 
the stomach, and become encapsuled in the body of the fish. 
The trigger- fish in its turn may be devoured by a sting- ray, in 
which case the young tape-worms become adult. The life- 
history of this parasite is therefore passed within the bodies of 
three distinct kinds of animal, the final host being the most 
powerful, as usual in such cases. It remains to add that many 
of the tape-worm embryos die while still within the oysters, and, 
proving a s.’rrp of irritation, are covered by successive layers 
of calcareous matter. It is in this way that the best or “orient” 
pearls are formed. 

THRKAD-WORMS (Nemathelmia) AS PARASITES 

The members of this large group are cylindrical unsegmented 
worms, most of which arc internal parasites in the bodies of 
animals or plants. They are 
less degenerate than tape-worms, 
and the very numerous species 
differ greatly in respect of the 
complexity of their life-history, 
and the hosts infested. One or 
two of them have already been 
briefly described (see vol. i, p. 

447), and something will be said 
about others in the section on 
Animal Foes. 

Some curious internal para- 
sites, the Thorn-headed Worms 
{Eckinorhynchidcs), are gener- 
ally regarded as related to the 
Thread- Worms, and in them the digestive organs are entirely 
absent. We may take as an example a form (Giganiorhynchus 



Fig. 1154. — Thom htided Worm Gigantot hyuchui 
gtgai^ t, A worm atta<.hed to the hiiiiig (a) of a pig » 
inte>.line: (a', hooked ptoboscis of same, enlarged, 3, egg 
conutning an embryo, gteally enlarged 
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gigas, fig. 1,1 54), which, when adult, lives in the intestine of the 
pig, maintaining a firm hold by means of a formidable hollow 
“proboscis"’, thickly studded with hooks. The eggs pass out of 
the body of the pig, and some of them are swallowed by beetle- 
grubs, within which the development is carried on to a certain 
stage. If an infested grub happens to be eaten by a pig the life- 
history of the parasite is completed. 


ANIMALCULES (Protozoa) AS PARASITES 



The large group of Gregarines (Sporozoa) includes typical 
internal parasites, in which the body is surrounded by a firm 
elastic membrane, through which the body- fluids or digested food 

of the host are easily 
absorbed. A well-known 
form (Clcpsidrina b/at- 
tarum, fig. 1155) infests 
the intestines of the 
cockroach. The young 
parasite is worm - like 
in shape, and its body 
is divided into three 
regions, one of which 
bears hooks, and serves 
as a means of adhesion 
to the host. Later on 
this part is thrown off, 
and the gregarine lies 
.^freely in the intestine, 
where it absorbs food, and increases consideSjably in si/e. The 
life-history is somewhat peculiar. Two parasites adhere together, 
and become enclosed in a firm case or cyst, which is passed out 
of the body of the host. If the surroundingsr are sufficiently damp 
the outer part of the cyst swells up into a gelatinous layer, and 
complex changes go on in the interior. The bodies of the two 
contained parasites break up into a large number of minute spores, 
with firm coats, scattered through a kind of net-work. A number 
of tubes are also formed which turn inside out, and since they 
convey the spores out of the cyst are termed sporoducts. If 
these spores are swallowed by a young cockroach their firm coats 


Fig 1155 — Cockroach Greg<&Hnc {CU/tnirtna enlarged 

to vanoui scales a. Young gregjrinei attaclied to cells of intestine, 
■ and c, later stages tying free within intestine d, spi.»re cyst in section. 
I, », 3, Three body regions, of which i i* thrown off by adult m , 
nucleus, gelatmoas cohering of cyst , mass of spores in middle 
of cyst, a/ / , spore-tubes, w , hrm wall of cyst 
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are dissolved by the digestive fluids, and the soft protoplasmic 
contents make their way into the cells which line the intestine, 
there to develop into worm-like gregarines. 

A great number of the Sporozoa are excessively minute 
parasites living within the bodies of hosts of various kinds, and 
often giving rise to disease. It has been proved, for example, 
that malarial fever is due to a Wood parasite of the kind intro- 
duced by the agency of a Mosquito [Anopheles). The complex 
life-history of this form will be briefly given in the section on 
Animal Foes. 
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CHAPTER LXVII 

ANIMAL FRIENDS— ANIMALS AS A SOURCE OF FOOD- 
DOMESTICATION— DOMESTICATED MAMMALS 

The view taken in this work as to the scope of Utilitarian 
Zoology has been sufficiently indicated in the Introduction (see 
vol. i, p. 1 8), and if by no means free from objection, it may 
serve to marshal important facts and principles in a fairly orderly 
manner. 

Although the feeding habits of Man differ greatly according to 
the environment, he may fairly be described as omnivorous (see 
vol. ii, p. 225), but the proportion of animal food taken increases 
as w’e pass from tropical and sub-tropical regions into higher 
latitudes. The commissariat question has necessarily been a 
dominant factor in the evolution of human civilization, and this is 
abundantly evident if we recall the oft-told story of that evolution 
so far as Western Europe is concerned. In this area, as is 
generally known, there have been successive Ages of Stone, 
Bronze, and Iron, names indicating the materials employed in 
making the chief weapons and implements. During the first of 
these ages prehistoric man passed through the three most im- 
portant stages marking the progress of civilization, Le. those of 
(i) the Hunter and Fisherman, (2) the nomad Herdsman and 
Flock- Master (pastoral stage), and (3) the Tiller of the Soil 
(agricultural stage). The first two of these (and of course the 
third) still find parallels among existing races. In an interesting 
little book by Jenks {A History of Politics) the native Australians 
are taken as an illustration of the first stage:— “The material side 
of Australian existence may be best described in a series of nega- 
tives. The savages understand neither the cultivation of the land 
nor the rearing of sheep and cattle. Their only domestic animal 
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(if ‘ domestic * it can be called) is the dog. . . . They have no 
food but the scanty game of the ‘ bush ’ or forest, such as the 
wallaby and the opossum, and the natural products of the earth. 

. . . It is the custom to speak of the Australians and other savages 
as living in ‘ tril>es But the term is most misleading; for the 
word ‘ tribe ’ always suggests to us the notion of descent from a 
common ancestor, or at any rate, of close blood relationship. 
Now there is ... a most important stage in human progress, in 
which descent from a common ancestor plays a vital part in social 
organization. But the Australian ‘ tribe ’ does not really play a 
very important part in savage life, at least on its social side. It 
ap[jears to be mainly a group of people engaged in hunting 
toge ther, a co-operative or communal society for the acquisition 
of food-supply. It would really be better to call it the ‘pack’; 
for it far resembles a hunting than a social organization. 

All its members are entitled to a share in the proceeds of the 
day’.^ cliase, and, quite naturally, they camp and live together.” 
To make a complete list of wild animals that minister to the 
appetite of mankind would be an unnecessary task, but a brief 
summary is given in the sequel. Savages in particular are 
often far from fastidious in such matters. Lord Avebury (in 
PrchiiifiV'ic Times^ compiles from various authorities the following 
somewhat varied bill of fare of these same Australians: — “The 
food of the Australian savages differs much in different parts of 
the continent. Speaking generally, it may be said to consist of 
various roots, fruits, fungi, shell-fish, frogs, snakes, hooey, grubs, 
moths, birds, birds’-eggs, fish, turtles, dt)gs, kangaroos, and some- 
times of seal and whale. The kangeroo, however, forms only an 
occasional lu.xury, nor are the natives, so far as 1 am aware, able 
to kill whales for themselves, but when one is w^ashed on shore it 
is a real godsend to them. Fires are immediately lit to give notice 
of the joyful event. I'hen they rub themselves all over with 
blubber, and anoint their favourite wives in the same way; after 
which they cut down through the blubber to the beef, which they 
sometimes eat raw, and sometimes broil , on pointed sticks. As 
other natives arrive, they ‘ fairly eat the • way into the whale, and 
you see them climbing in and about the stinking carcase, choosing 
titbits’. For days ‘they remain by the carcase, rubbed from head 
to foot with stinking blubber, gorged to repletion with putrid meat 
— out of temper from indigestion, and therefore engaged in con- 

Vd. IV. 108 
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stant frays — suffering from a cutaneous disorder by high feeding- 
and altogether a disgusting spectacle. There is no sight in the 
world more revolting than to see a young and gracefully-formed 
native girl stepping out of the carcase of a putrid whale ’ (Gray’s 
Explorations in North - 1 Vest and Western Australia). The 
Australians also mash up bones and suck out the fat contained in 
them. Like other savages, they are excessively fond of fatty 
substances. ’ 

To illustrate a predominatingly animal diet we may take the 
following tnenu of an Esquimaux feast, given by comparatively 
civilized individuals:-— A factor being invited to a great enter- 
tainment with several topping Greenlanders counted the follow- 
ing dishes: — i. Dried herrings. 2. Dried seals flesh. 3. Boiled 
ditto. 4. Half-raw and rotten ditto, called mikiak. 5. Boiled 
willocks [sea-birdsj. 6. A piece of a half-rotten whale’s tail 
(this was the dainty dish or haunch of venison to which the 
guests were prof>erly invited). 7. Dried salmon. 8. Dried 
reindeer venison. 9. A dessert of crowberries mi.xed with the 
chyle out of the maw of a reindeer. 10. The same, enriched 
with train oil.” (Crantz — History of Greenland.) It nia) be 
added that blood is a favourite Esquimaux drink. 

Even among civilized nations fish and molluscs are important 
articles of food, and it is interesting to know that this was also 
the case during the Stone Age. Along the shores of Denmark 
and many other countries, including Britain, are to be found, 
more or less abundantly, shell-mounds or “ kitchen -middens ” 
(Danish kjbkkenmoddings). the sites of many a prehistoric meal. 
In Danish mound > the shells of oysters, cockles, mussels, and 
periwinkles are by far the most abundant, and with them are 
associated the bones of fishes (herring, dab, eel, &c.), birds, 
(capercailzie, duck, swan, goose, &c.), and mammals (deer, wild 
boar, &c). Remains of domesticated animals are entirely ab.sent, 
except of the dog, and many of the bones have been gnawed 
by this half-wild attendant at the feasts. Darwin’s account (in 
A Naturalist's Voyage) of .some of the inhabitants of Tierra 
del Fuego furnishes a modern parallel to the kind of life led 
by the prehistoric men of the shell -mounds, except that the 
latter were probably in better case. He says: — ‘‘The inha- 
bitants, living chiefly upon shell-fish, are obliged constandy to 
change their place of residence; but they return at intervals to 
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the same spots, as is evident from the piles of old shells, which 
must often amount to many tons in weight. . . . These poor 
wretches were stunted in their growth, their hideous faces 
daubed with white paint, their skins filthy and greasy, their 
hair entangled, their voices discordant, and their gestures violent. 
Viewing such men, one can hardly make one’s self believe that 
they are fellow-creatures, and inhabitants of the same world. 
It is a common subject of conjecture what pleasure in life some 
of the lower animals can enjoy. How much more reasonably 
the same question may be asked with respect to these bar- 
barians’ At night, five or six human beings, naked, and scarcely 
protected from the wind and rain of this temj)estuoas climate, 
sleep on the wet ground, coiled up like animals. Whenever 
it is low water, winter or summer, night or day, they must rise 
to pick slicll-ii'iii from the rocks; and the w'omen either dive 
to collect sea-eggs, or sit patiently in their canoes and, with a 
baited hair-line without any hook, jerk out little fish. If a seal 
is killed, or the floating carcase of a putrid w^hale discovered, it 
is a feast; and such miserable food is assisted by a few tasteless 
berries and fungi.” 

WILD ANIMALS AS A SOURCE OF FOOD 

Mammals (Mammalia). — The large majority of th^ members 
of this class, from the Spiny Ant-Eater (^Echidna) and the Duck- 
Bill {Ornithorhynchus) of Australia up to Man, are, or have been, 
used as food. As to the tw^o first, it will be seen from the 
following remarks made by Semon (in In the Australian Bush) 
in regard to Queensland, that even uncivilized races have 
marked preferences in the matter of diet, when not under stress 
of famine: — “My blacks were hardly able to furnish me with 
any information as to the customs of this animal, t.e, the Duck- 
Bill, which they called ‘ Jungjumore for they despise its flesh, 
and consequently never hunt it. In fact, it has an ‘ancient and 
fish-like smeir, even after it has been skinned. The blacks 
showed utter contempt for ‘jungjumore , and could hardly be 
brought to help me in digging up their burrows or to trouble 
themselves in any way about this, to their minds, useless and 
inferior creature. The taste for Echidna is quite the reverse, 
since their regard for it amounts almost to adoration, and they 
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consider its flesh a first-rate dainty, superior even to beef, which 
is the greatest compliment they can pay to any food. According 
to Bennett, the blacks near the Wollondilly and Yas rivers in 
New South Wales have a different taste, and are very partial 
to Omithorhynchus.*’ The Pouched Mammals {JMarsupialia) of 
Australia have naturally been largely eaten by the natives, and 
the Kangaroo, at any rate, is decidedly palatable. Semon says 
of it, in the work just quoted: — ‘"The muscular tail of the 
kangaroo furnishes a delicious soup, and its flesh is not to be 
despised 

Hoofed Mammals {Ungulata), especially Ruminants, are more 
important than any others as a source of food, and this is the 
primary reason why they have been so largely domesticated. 
Elephants {Proboscidea) have been in times past of great im- 
portance to the African larder. Sir Samuel Baker remarks (in 
Wild Beasts and their Ways): — “There is no animal that is 
more persistently pursued than the elephant, as it affords food in 
wholesale supply to the Africans, who consume its flesh, while 
the hide is valuable for shields; the fat when boiled is highly 
esteemed by the natives, and the ivory is of extreme value. 
No portion of the animal is wasted in Africa, although in Ceylon 
the elephant is considered worthless, and is allowed to rot 
uselessly upon the ground where it fell to die." Of Gnawing 
Mammals {Podentia), Hares and Rabbits have always been most 
esteemed, while Insect-eating Mammals (Insectivora) afe of no 
particular importance, though gipsies appear to relish the Hedge- 
hog (Brinaceus). The related Bats (Chiroptera) are not in much 
favour, but Fruit-bars {Pteroftis) are eaten by the Malays. 

Flesh-eating Alanmials {Carnivora) inhabiting the land are 
less useful as a soune of food than most other Mammals, though 
the omnivorous Be^ 5, and to some extent Dogs, must be ex- 
cepted. It would ppear, in some cases at least, to be a 
matter of prejudice. Wallace found Jaguar steaks good eating, 
and this suggested to him the following remarks: — “ It appears 
evident to me that the common idea of the food of an animal 
determining the quality of its meat is quite erroneous. Domestic 
poultry and pigs are the mo.st unclean animals in their food, yet 
their flesh is highly esteemed, while field-rats and squirrels, 
which eat only vegetable food, are in general disrepute." There 
can be no doubt that the Cat is good eating, and, under numerous 
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aliases, it is said to figure in the dietary of various European 
nations. Simmonds (in Animal Product^ thus speaks of the 
culinary value of the Lion: — “The flesh of the lion is eaten 
by the Hottentots; and a tribe of Arabs between Tunis and 
Algeria, according to Blumenbach, live almost entirely upon it 
when they can get it When a lion has been killed and the 
skin removed, the flesh is divided, and the mothers take each 
a small piece of the animal’s heart and give it their male 
children to eat in order to render them strong and courageous. 
They take away as much as possible of the mane, in order to 
make armlets of it, which are supposed to have the same effect 
It would seem from the journal of the Marquess of Hastings, 
that this superstition as to eating lion’s flesh is a»: strong in 
India. On the death of a lion it is stated: ‘Anxious interest 
was made with our servants for a bit of the flesh, though it 
should be the bize of a hazel-nut. Every native in the camp, 
male or female, who was fortunate enough to get a morsel, 
dressed it and ate it. They have a thorough conviction that 
the eating a piece of lion's flesh strengthens the constitution 
incalculably, and is a preservative against many particular dis- 
tempers. This superstition does not apply to tiger's flesh, 
though the whiskers and claws of that animal are considered 
as very potent for bewitching people.’ But the flesh of lions 
has also been eaten with gusto by Europeans, for Madame 
Bedichon in her work on Algeria states, that at Oran a lion 
was killed which three days before had eaten a man, and the 
prefect gave a grand dinner, the principal dish being the lion, 
ijtfV'ich the French gentlemen assembled ate with the greatest 
relish. More recently still ... a magnificent quarter of lion, 
shot in the neighbourhood of Philippeville, Algeria, by M. Con- 
stant Cheret, was sent to the Restaurant Magny, Paris, and 
served up to a party of nineteen guests, who enjoyed with gusto 
* Estouffade de lion k la M^ridionale * and ‘ Cceur de lion a la 
Castellane '.” Among aquatic Carnivores the Seals are valuable 
as a source of food to Esquimaux and other tribes inhabiting 
cold latitudes. 

Of other aquatic Mammals used as fooa may be mentioned the 
Manatees {Manatus) and Dugongs {Halicore), which constitute 
the order of Sea-Cows {Sirenia)\ while reference has already 
been made (p. 209) to Whales {Cetacea) in this connection. 
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Birds (Aves). — Birds are eaten even more indiscriminately 
than Mammals, though birds of prey and fish -eating forms are 
avoided. The ^'ggs of some wild birds, Plovers, are esteemed 
a delicacy. Edible birds'- nests have been mentioned oKevhere 
(see vol. iii, p. 46:2). 

Reptiles (Reptilia), — The high reputation of the Green 
Turtle {Chelonc is familiar, and other menYoers r)l the 

same order [C/uionia) are also eaten in various p.iris of the 
world, besides which the eggs of such creatures ma)' al >0 figure 
as an article of diet. 

Some of the larger Lizards {Liicertiliii) arti regiil.irly "sf d as 
articles of food, especially the Iguanas {IgnaniiLc^ of Ana rica tind 
the W ater-Lizards (raranidu) of South and South- Last Asm. 

To a less extent CrocodiL's and AHigatO^s {^C) viodr m) and 
Snakes {Ophidia) serve as a source of foo<’ 

Amphiiuaxs (AMPiinnA).-'--The only memlKTs of da- g!'>u[) 
of irnportaitcti in this connection arc some of the* hiogs wliich 
arc eaten in India and Europe. In the latt- r r.u^' i* the 
Edible Frog {Rana escu/enfa) that lall^ vitiim 

Fishes (Pisco. s), — Fishes rua and a'uays iiiw ol .u 

importance as a source of food. A w.rv iar'^c numooi an tc gu 
larly eaten, and it wih be most r « ‘.ax enieiu to f with 
in a special chapter. 

MoLLtrscs (Molluscs). — Many kino's of ar.,* uvil 

as food, and some of the more impoftant, eg*' tfo shyster, will 
be dealt with separately 

Cuttle-fishes, Squids and i^clopod'i {Ccplalpv'ta) are caicii 
.in various parts of the world, particularly !)\ tfv Giu’ik' . c and 
Ja{:)anese, while one s[)eck:s {Jiledone) Is a (f)innion article ol 
diet in South Europe, nor is it the onI\ one. 

Of Snails and Slugs {(Gastropoda) utilized as food l.y Ihiro- 
pcans many examples might be given. 1 he commonest marine 
form thus empK)ycd is probably the Pf:ri\\ inkle* ( A./ /e;7 /.'</), and 
after tiiis come Whelk {Bnanmni). Limpet {Pt^^t/ltf). and the 
Ormer or Sea-Ear {Haliutis). ihit there are nian\ and 

in other parts of the world the list is much larger 1 la; ma.rine 
slug known as the Sea-Hare (Aply^ia) is eaten in the South Sea 
Islands. 

Land Smiils (species of HelLx) are largely used on the Con- 
tinent, and to some extent in Great Britain. 
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Bivalve Molluscs {^Lamellibranckid) are more important as a 
source oi food than shell- fish of other kinds. Besides Oysters, 
Cockles, and Mussels there are the esteemed “Clams” of North 
America (species of A/j>a, A/aclra, and Veuu:^), and Razor- Shells 
[Solen) are also appreciated The last are known in Scotland as 
“ Spout- h'ish ”, on account of the jet of water thev scjuirt out 
when cUsturbeil On the Ayrshire co.ist the “ lunum;; of th(‘ 
Spout- Msh ” is pursued with threat /v,i\ at c< riain times of tht' 
year, a pointed instrument Ik me thiust hc'iwetn the \alves. 
These molluscs burn^w ol)li<|iicl) in the sand with ‘^reat rapidit), 
and arc easily alarmed hy the approach of tootste[)s, ^.o there 
is considerable room for skill in their capture. Other bivalves 
commonly used for food are Picklocks l^ate-Shells 

{Lithoilofuus), and Ark-Shells (Area). Hut the list might be 
extended almost indefinitely. 

Among I*}iiUiiive A/olluscs (^^Unphiueura) Cooke (in The 
Cambridge Natural History^ says of the Mail-Shells {Chiton ). — 
“West Indian negroes eat the large chitons which are abundant 
on their rocky coasts, cutting ofi and swallowing raw the fleshy 
foot, which they call ‘beef’, and rejecting the viscera” 

Insects (Insk(Ta).-- Bees (Aph) as a source of honey are 
most prominent here, but they will be noticed in a later section. 
Next to these, Locusts are perhaps of greatest importance, but 
Ants and Termites are also eaten The Malays appreciate 
Cicadas or Tree- Bugs, and by rhythmic hand-clappin^. are able 
to lure them down from among the branches. Som^ of the 
Scale- Insects {Coccidce) secrete sweet or waxy substances, and 
regarding one such species Sharp says (in The Cambiddge 
Natural History)',— manna mentioned in the book of 
Exodus is pretty certainly the honey-dew secreted by Coccus 
(now Gossyparia) mannifera, which lives on Tamarix in many 
places of the Mediterranean basin. This substance is stdl called 
by the Arabs ‘man’, and is used as food; in its natural state 
it is a substance very like honey; it is doubtless excreted by 
the Coccus, and is not produced directly by the Tamarir as 
some have supposed.” Livingstone ment* ms a peculiar “kungu 
cake” eaten by the natives on the shores of Lake Nyassa, and 
which is made by compressing the bodies of vast numbers of the 
aquatic larvae of gnats and related insects. 

Centipedes and Millipedes (Myriapoda). — These are men- 
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tioned here merely as a matter of curious Interest Sinclair 
remarks as follows (in The Cambridge Natural History)'. — ‘‘ It 
is hard to believe that any human being could under any cir- 
cumstances eat Centipedes, which have been described by one 
naturalist as *a disgusting tribe loving the darkness'. Never- 
theless, Humboldt informs us that he has seen the Indian 
children drag out of the earth Centipedes eighteen inches long 
and more than half an inch wide and devour them. This, I 
believe, is the only account of human beings using the Myria- 
poda as food, if we except the accounts of the religious fanatics 
among the African Arabs, who are said to devour Centipedes 
alive; though this is not a case of eating for pleasure, for the 
Scolopendras are devoured in company with leaves of the prickly 
pear, broken glass, &c., as a test of the unpleasant things that 
may be eaten under the influence of religious excitement.” 

Crustaceans (Crustacea). — This group is of obvious im- 
portance as a source of food, as the mention of Crab, Lobster, 
Prawn, and Shrimp is enough to show. A few details will be 
given in a later section, and it is enough to say here that a 
very large number of species are eaten in one country or 
another. One would scarcely expect Barnacles to be used in 
this way (though they are often mentioned in old accounts of 
shipwrecks), but certain species are exposed for sale in Spain 
and South America. 

Bristle-Worms (ChvETopoda). — The only marine Annelid 
used to any great extent as human food is the Palolo Worm 
{Palolo viridis) in the Samoa and Fiji islands. The chief facts 
regarding it are thus summarized by Benham (in The Cambridge 
Natural History)'. — “The worm .... lives in fissures among 
corals on the reefs, at a depth of about two fathoms. At certain 
days in October and November they leave the reefs and swim 
to the shores of the above islands, probably to spawn ; and this 
occurs on two days in each of the above months — the day on 
which the moon is in her last quarter, and the day before. The 
natives, who call the worm ‘ Mbalolo *, give the name * Mbalolo 
laili (little) to October, and ‘ Mbalolo levu ' (large) to Novem- 
ber, thereby indicating the relative abundance of the worms in 
these two months. The natives eat them either alive or baked, 
tied up in leaves; and they are esteemed so great a delicacy 
that presents of them are sent by the chiefs who live on shore 
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to those living inland." Another worm, of which the habits are 
much the same, abounds on the shores of Mota Island, in the 
New Hebrides, and is also eaten. 

Hedgehog-Skinned Animals (Echinodermata). — The “roe" 
of Sea-Urchins (Bchinoidea) was prized as a luxury by the 
ancient Romans, and is still eaten on the shores of the Adriatic, 
as well as in other parts of the world. The “sea-eggs” men- 
tioned in the quotation from Darwins account of the Fuegians 
given at the beginning of this chapter (p. 21 1) are animals of 
the kind. The collection of sea-urchins (chiefly Hipponoe escu- 
Unta) for food is an important but decaying industry in Barbados, 
amounting in value to j^4000 per annum. 

The dried bodies of Sea-Cucumbers (HolpiAuroidea) constitute 
what is commonly known to commerce as Biche-de-Mer or Tre- 
pang, an important article of food to the Chinese. The most 
extensive fishery is on the Great Barrier Reef of Australia, the 
annual return of which is worth some ;^2 3,000 to Queensland. 
These animals abound in the West Indies, of which the marine 
resources are not sufficiently developed. One desideratum is a 
properly-organized trepang fishery. 

Zoophytes (Ccelenterata). — This group of animals is un- 
important as a source of food, but Sea-Anemones {cut de mulet) 
are eaten in France, Sicily, and along the shores of the Adriatic 

DOMESTICATION OF ANIMALS 

The domestication of certain animals by man has been one 
of the most important factors in the evolution of civilization, 
enabling the prehistoric huntsmen and shore-dwellers to pass 
into the more civilized pastoral stage, from which gradual tran- 
sition is easy to the still more civilized agricultural stage. 

Although the Dog can claim to be the earliest domesticated 
animal, our greatest debt is obviously due to various Hoofed 
Mammals (Ungulata), which include all the larger inhabitants 
of our farmyards, the Camels of the Old World, and the Llamas 
of the New, while Elephants belong to an order which is not 
distandy related. The most important aumesticated birds belong 
to two orders, (i) Ducks and Geese (Anseres), and (2) Game- 
Birds (Gallinae), including, more particularly. Fowls (descended 
from an Indian stock) and Turkeys (natives of North America). 
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One Insect, too, the Honey-Bee {A fits mellifica), has played no 
mean part in the drama of human civilization, and to this may 
be added the Silk -Worm {Bombyx mori) and the Cochineal 
Insect {Coccus cacti) 

The following remarks on the origin of Domestication and 
some of its results are quoted from Jenks {A Histoiy of Politics) — 

** The art of taming wild animals and making them serve the pur- 
poses of man, is one of the great discoveries of the world . . But 
as to the man or men who introduced it we have no knowledge, 
except through vague and obviously untrustworthy tradition. . . . 
In all probability the discovery was made independently by many 
different races, under combinations of favourable circumstances. 
But if we cannot speak with confidence of names and dates in 
the matter, we can make certain tolerably shrewd guesses as 
to the way in which domestication of animals came about. We 
start with the fact that the most valuable of the world's domestic 
animals — the sheep, horse, ox, goat, &c. — are known to exist, 
or to have existed, in a wild state* It is practically impossible 
to suppose that these wild animals are (except in rare cases) 
the result of the escape from captivity of tame animals. It 
follows, therefore, that the start which a pack of savages could 
obtain in the matter of domestication would depend upon the 
character of the wild animals in the neighbourhood. P'or it is 
fairly obvious by this timje that many wild animals are not suit- 
able for taming. Thus, it is hardly possible that the lion, tiger, 
or bear will ever really become domestic animals, in spite of 
the fact that their strength and endurance would prove valuable 
qualities if they could be used. And so some peoples may have 
remained utterly savage because of the fact that their country 
does not produce animals capable of domestication. Again, some 
races, like the Eskimos, appear to have had only the wild an- 
cestors of the dog and the reindeer (fig. 1156), and thus to have 
been very limited in their opportunities. Other races have been 
able to tame the sheep, one of the most valuable aids to civiliza- 
tion; others, again, have had the still more valuable ox. But 
still the question remains — how was the process of domestication 
discovered.^ Here, again, we can only proceed by speculation; 
but a most valuable account of his experiences in Southern 
Africa (Damara Land), published by the late Sir Erancis Galton 
in the middle of last century, affords us some suggestive hints 
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{JSfarrative of an Explorer in Tropical South Africa). ... Two of 
the most striking features of the savage character are recklessness 
and greed. Being quite unable to make provision for the future, 
or even to realize the wants of the future, the savage con- 
sumes in disgusting orgies the produce of a successful hunt 
A stroke of luck, such as the capture of a big herd of game, 
simply means an opportunity for gorging. But even the savage 
capacity for food has its limits; and, in exceptionally good 



Fig 1156.— Reindeer [Rtmgi/er tarandus) 


seasons, there is a superfluity of game. A civilized man would 
strain every nerve to store the surplus away against future 
wants. The savage simply wastes it; partly because he knows 
that meat will not keep, partly because he cannot ixalize the 
needs of the future. The ‘ pemmican ’ or sun-dried meat of 
the Red Indian, and his ‘caches’ or buried hoards, are the 
limits of the savage capacity for storing up against a rainy 
day. But if the savage is reckless a ^ greedy, he is often 
affectionate and playful. If he has had as much food as he 
can eat, he will amuse himself by playing with his captives 
instead of killing them. At first, no doulu, there is a good 
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deal of the cat and the mouse in the relationship; but in time 
the savage comes positively to love his captives, and even to 
resist the pangs of hunger rather than kill them. In other 
words, the earliest domestic animals were p€t5\ preserved, not 
with a view to profit, but for sport or amusement. And it is 
most important to observe that animals so selected would natu- 
rally be the handsomest and finest of the catch, whose appearance 
would delight the eye. . . . But, of course, feelings of affection 
would be bound to give way in the long run to feelings of 
hunger, and then the tame animals would be slaughtered for 
food. And so it would ultimately dawn on the savage that the 
keeping of pets was really a profitable business, because it 
afforded some protection against famine. Gradually it would 
become more and more common. Finally, the savage would 
learn by experience that, even without destroying them, his 
pets could be put to valuable use. Thus the wool of sheep, 
the hair of goats, the milk of cows, would be to a savage like a 
gift from an unknown Power. . . . But, when he had got thus 
far, the savage would have ceased to be a savage; he would 
have become a pastoralist, . . . And then, as all the advantages 
of the rearing of animals come to be realized, the savage ‘ pack ’ 
gradually changes into a society of shepherds or herdsmen, in 
which the men are engaged in tending cattle, sheep, or goats, 
while to the women fall the subordinate offices of spinning the 
wool, milking the cows and goats, and making the butter and 
cheese. The men drive the flocks to pasture and water, regulate 
the breeding, guard the folds against enemies, decide which of 
the animals shall be killed for food, and break in the beasts of 
burden.” The nomad tribes of the Asiatic steppes, Kirghiz, 
Kalmucks, &c., are still in the pastoral stage. 

A brief account of some of the chief domesticated animals 
may now appropriately follow. 

DOMESTICATED MAMMALS (Mammalia) AND THEIR USES 

The Dog {^Cajtis familiaris ). — It is not likely that the some 
i8o breeds of Dog which exist at the present day (figs. 1157 
and 1158) have all descended from the same wild stock. Various 
kinds of Wolf, Jackal, and Wild Dog have more probably 
been domesticated at various times by different races, and the 
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very wide distribution of the family {Canida) to which such crea- 
tures belong lends probability to this view. We have already 



Fig. iisS.— DKlMbund 


seen (p. 217) that it was the first animal tamed by Man. At a 
much later period, the monuments of Assyria and Egypt afford 
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evidence, as Darwin says that (in Anima/s and Plants under 
Domcstication\ tour or five thousand years ago, various 
breeds, viz. pariah dogs, greyhounds, common hounds, mastiffs, 
house-dogs, lap-dogs, and turnspits, existed, more or less clos(‘ly 
resembling our present breeds. But there is nut sufficient evi- 
dence that any of these ancient dogs belonged to the same iden- 
tical sub-varieties with our present dogs’ (Iig. 1159). Although 
Australia is singularly lacking in higher Mammals, it nevertheless 
possesses a kind of dog, the Dingo (Canis din^o), probably intro- 
duced by human agency at a 
remote period. bVieiul and 
companion, guardian of tlocks, 
and protector of the hom(\ no 
animal has been so closely and 
so long associated with man as 
the Dog. 

The Cat [Feli\ domcstica). 
— Here again we h.ive almost 
certainly to do with an animal 
of multiple origin, the Wild 
Cat {Feli\ eat us) of F,iirop(‘ and 
North Asia bedng proliabh^ not 
the chief ancestor. (^n this 
point Beddard (in 7 V/e Cafu- 
dndjre Natural Histo}'\ ) speaks 
as follows : “ The domestic cat 

is, in fact, regarded as the de- 
scendant of the Eastern F. caffra, or (perhaps and) the closely 
allied F, maniculata (fig. 1160). It is highly prolxtble, however, 
that after its introduction into this country as a domestic animal 
it has interbred with the Wild Cat. Many allied species of (^ats 
will interbreed, even two so far apart as the Lion and the Tiger. 
There are interesting archaeological and linguistic reasons for re- 
garding the Domestic Cat as an importation. The legend of Dick 
Whittington's Cat points to it being a rare and valuable animal, 
which a tamed F, catus would not at that time have been. There 
was an enactment in Wales against him who should kill the king’s 
Cat, again sugge.stive of its rarity and consequent value. The 
very name ‘ Puss ’ is a hint of a foreign origin. Some would 

derive it from Perse, and upon this is based the notion that the 



^*59- — Type* of Andcnt Egyptian Dogv a. Turn- 
spit, B, House Dog. c, Hiuiting Dog 
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Cat IS from Fersia. But it seems that Puss is the same as Pasht 
and Bubastis, showinjj so far an PLj^yptian orij^m for the animal. 
The ancestral Cats mentioned above are native of ligypt.” So 
far as we know the ancient Egyptians were the first to dis- 
cover the domestic virtues of this animal, and Heiodotus tells 
us that they treated it with no little consideration (though it 
scarcely ranked so high as the dog) — “ When a fire breaks out 
a >\onderful thing happens to these animals, for the Egyptians, 
heedless of extinguishing the flames, stand in a line to take care 



Fig 1 16a— FaOow Cat (Fr/u mamtciUata) 


of the cats; but those creatures, slipping in between the men, 
or leaping o\er them, rush into the fire; and when that happens 
deep grief seizes the Egyptians. If in any house a cat dies 
naiurally, all the inm.itcs sha\e merely their eyebrows: those in 
whose house a d(»g happens to die, shave the whole of their 
bodies and heads I he dead cats are taken to some sacred 
buildings in Bubastis, where, when embalmed, they are buried. 
With respect to the dogs, they bury them in sacred repositories, 
each in his own town." 

It IS not proposed to refer to Kipling as a zoological authority, 
but those who have not done $0 (if such exist) should read the 
story of domestication in “The Cat that Walked by Himself", 
as a brilliant tour de force of imagination (in Just So Stoncs\ 
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In the same place he neatly hits off the mental difference between 
Puss and the Dog Binkie : — 

“ Pus4»v Will rub my knees with her head, 

Pretending she loves me hard. 

But the very minute I go to m> bed, 

Puss) runs out in the >ard. 

And there she stays till the morning light, 

So I know it IS only pretend, 

But Binkte^ he snores at my feet all night. 

And he is my Iirstest friend’” 


Oxen (Bos) and Bpff aloes (Bubalus). — The domesticated 
cattle of various parts of the world are no doubt, like the dogs. 



Hf ii6i — Hnngvoui Oxes 


descended from several wild stocks, and some of them would seem 
to represent a mixture of strains. The two most notable oxen 
that appear to have lx*en domesticated in Europe during the 
Newer Stone Age (Neolithic period) were the great Urus {Bos 
prtmtg€nius\ and a second much smaller sp<*cics {JB, tonsil f rons\ 
It is often considered that the wild White Cattle of Chillingham 
Park are the direct but dwarfed descendants of the former, while 
the small dark cattle of Wales and the Scottish Highlands can 
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probably be traced back to the latter. And we have also to take 
into consideration the European Bison or Aurochs (Btson Euro- 
pceus\ a large and savage form now only surviving in parts of 
Russia, especially in the Lithuanian forest of Bielovege, where 
it is jealously preserved. This is not the place to consider in 
detail how far the various breeds of European Oxen {Bos taurus) 
take origin from one or more of the forms just mentioned, or from 
still others, for the subject is still in the controversial stage. It 
need only be stated that even in prehistoric times there were 
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several domesticated breeds, while now there are a great many. 
•The large pale Hungarian cattle with their formidable horns are 
amongst the most remarkable (fig. 1161). 

Humi^ed Cattle were domesticated by the ancient Egyptians, 
and we find them still both in Africa and Soutli Asia, under the 
name of Zebus {Ba^ Indicus, fig. 1162). Their ancestry is 
doubtful, and it is also a moot point as to whether or no the 
race of them living in North-h 2 ast Africa has contributed a strain 
to certain European breeds. The curie s little grunting long- 
haired Yak (Bo:s griuimcus^y characteristic of Tibet, is probably 
quite distinct. Further India possesses another kind of humpeel 
ox, the Gayal i^Bos front ah\). 

Differing in many ways from oxen is the tame Buffalo {Bubalus 
vuL. IV. loe 
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bitffclits)y ranging from India and Ceylon to South Europe. It is 
a descendant of the wild Indian Buffalo (^Buhalits arni). 

It is scarcely necessary to remark that oxen, besides serving 
as an important source of food, are useful in many other ways. 
In South Africa, for instance, it would be difficult to exaggerate 
their value for purposes of transport, while in many countries they 
are used to draw the plough, as, e.g,, in Hungary (fig. ii6i). 
Tallow, hoofs, horns, and hides are the most valuable products 
of the carcase, meat alone e.xcepted. This may be illustrated 
by the fact that raw hides were imported into this country in 
1902 to the value of 2,^41 000. It may be added that in 
June, 1903, the total number of cattle in the L^nited Kingdom 
amounted to 1 1 408,560, /.c. about 148 head per thousand acres. 

The Shef.p (Oms arils).- Wild Sheep of various species arc 
characteristic of the Xorthern Hemisphere, and different origins 
must be sought for the domesticated forms of different areas. 
Regarding the breeds with which we are familiar in this country 
there is much difference of opinion, but it is probable that some 
of them represent a mixture of several differciiit strains. \\ c 
know that during the Newer Stone Age (Neolithic jx-riod) the 
sheep existed in a tame condition, though it would ^p[x‘ar to 
have been domesticated subsequent to the ox, and the bones 
that have been found, e.g. in connection with some of the Swiss 
lake-dwellings, indicate a slender and rather goat-like creature. 
But here, as in the case of our other familiar farm mammals, 
the question of origin is complicated by the consideration that 
the invading Neolithic tribes, w^ho drove out the rude hunters 
and fishermen of the Older Stone Age (Palaeolithic period), pro- 
bably brought domesticated animals with them. If we knew 
with certainty whence these immigrants came, the problem would 
be rather less complex, but our knowledge on this point is un- 
fortunately very incomplete. Grave doubt has been cast upon 
the picturesque view that Central Asia is the “cradle’' of the 
Aryan race, and that the mixed populations of Europe mainly 
result from successive “ waves ” of immigration which have 
radiated from this centre. It is more likely that Neolithic man 
was of North African stock, and invaded Europe from the south. 
He certainly at one time inhabited Corsica, Sardinia, Sicily, and 
South Italy. In view of the possible correctness of the view 
indicated, it may be well to remember that a wild species of 
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The oiij'in of nui domestic breeds of cattle is a question re 
garding which many conjectures have been made, though the 
matter is still involved in considerable doubt 1 he> aie possibly 
in part descended from the gigantic prehistoric Wild Ox {Jios 
ntui^') of Western Europe, which survived into historic 
times and was probably the form known to the ancient Pomans 
by the name of IJrus In C hillingh im Park, Northumberland, and 
elsewhere, wild white enttle are still preserved, and it is consideied 
by some authorities that these aie to be regarded as the dwarfed 
dese ndants of the I^rus I his view, however, cannot be regarded 
as definitely est iblished. 




BRITISH WILD CATTLE (BOS PRIMIGENIUS) IN CHILLINGHAM PARK 
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sheep, Le. the Barbary Sheep {Ovis tragelaphus), is now peculiar 
to North Africa, and another, the MouHon or Musirnon {O. 
niusimon, fig. 1163), is limited to Corsica and Sardinia, though 
it probably once had a wider distribution. One or both these 
sjx?cics have possibly contributed a strain towards the formation 
of our ordinary tame 
varieties. 

As dwellers among 
mountains and rock) 
uplands, Sheep oc - 
cup) a diH(Tent place 
in nature from Oxen, 
and lu mg close 
])rr'vvs(rs are able Ut 
li\(' ( on 

herbage (|uile unsuit 
able for home d stock, 
as m*L\ 1 »e secMi m the 
l)ai r« n ‘ slie( p walks’ 

()l ('entral W'ales. 

1 lu practi(«il im[)or- 
tann* oi this is sui 
fu H'litly ol)\ ions. In 
assessing the value of 
these animals from the 
economic sUind point, 
we hav(‘ to reckon 
not only with meat 
and, to a less extent, 
milk, but also with 
wool, a material that 
has played an important part in the history of textile industries. 
In the colder parts of the globe clothing of some sort ranks as 
a necessity, which the prehistoric hunter su])j)lied hy roughly 
stitching together the skins of various animals, sinews being used 
as thread. This kind of clothing is still .n vogue among many 
savage or half-civili/ed races. Lord Avebury thus si>caks (in 
Prehistoric Times) of the Hsejuimaux in this connection: -“The 
clothes of the Esquimaux are made from the skins of reindeer, 
seals, and birds, sewn together with sinews. For needles they 
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use bones either of birds or fishes; yet with these simple in- 
struments they sew very strongly and well. The outer dress 
of the men resembles a short greatcoat, with a hood that can 
be pulled over the head if necessary, and which serves as a 
substitute for a hat or cap. Their under-garments or shirts are 
made of bird-skins with the feathers inwards; or of skins with 
the hair inside; sometimes, however, they wear in addition 
another shirt made of scabs entrails. Their breeches are either 
of seal-skin or rrindeer-skin, and their stockings of skins from 
very young animals. The bools arc of smooth black dressed 
seal’s leather, and sometimes when at sea they wear a great 
overcoat of the same material. The dress of the women does 

not differ much from that of the 
men.*' 

For temperate climates skins 
are far from being a convenient 
‘onn of clothing, and among the 
prehistoric races of iMirupc were 
gradually replaced by woven fab- 
rics. Coarse materials of the sort 
FiircNof Fibres of w\)oi .1. under madc from ikix oc straw fibres. 

Wool MicrusLope • i , . 

^ ^ have been discovered in^connec- 

tion with some of the Swiss lak(*- 
dwellings referred to the Stone Age, at a time w^hen tame sheej) 
were few in number. But when this animal became an imjDortant 
domesticated form the possibility of re[)lacing flax, &c., by wool 
came to be realized. And among the remains of the Bronze Age 
in Jutland various woollen garments have been found. 

The coat of a Mammal tyi)ically consists of outer hair, more 
or less harsh in texture, and soft under-fur, the two being present 
in different proportions in different cases. The “ wool ” of Sheep 
is a specialized kind of under-fur, the individual hairs of which 
are wavy or crimped, and covered with well-marked overlapping 
scales, that promote felting together (fig. 1164). Considerable 
variations exist as to length, fineness, &c., and the fleeces of 
certain existing breeds are noted for their valuable qualities. 
In South-west Asia there is a remarkable variety of the domestic 
form, known as the Flat -Tailed Sheep, in which the tail is 
enormously large and fat, weighing as much as 40 or 50 lt)s. 
A miniature sledge or cart is often attached to animals of the kind, 
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for the more convenient carriage of this monstrous appendage. 
The nomad races of the steppes of Asia possess vast flocks of 
a related variety, in which, however, the flat tail is very short, 
and the fat is concentrated on the sides of the rump. The colour 
of the breed is black, white, or a mixture of the two, and the 
familiar “Persian lamb” and “astrachan” of commerce are the 
product of young animals of this breed The Merino Sheep, 
originally confined to Spain but now widely distnbutcd, is noted 
for the length and fineness of its wool 



fig AnginOoits 


The economic importance of wool may be illustrated by the 
statement that in 1902 our irnpoit (worth £20,2^6,000) amounted 
to 678 million pounds, and the home production to 136 million 
pounds. Of these amounts 320 million pounds wcic exported, while 
the remainder, t.e. 494 million j)Ounds, was worked up for home use. 

The Goat (Capra hircis) -Although this animal does not 
rank so high as the sheep from the economic stand-point, it 
possesses considerable value as a source of meat, dairy products, 
and clothing. We know that it was domesticated by the Swiss 
lake-dwellers during the Stone Age in rather greater numbers 
than the sheep. In the same remote period goats, as well as 
sheep and oxen, were among the tame animals possessed by 
prehistoric man in Britain. 




2^0 


XrriLITARIAN ZOOLOGY 


The most important wild animal from which the domesticated 
Goat of Europe has taken origin is probably the Grecian Ibex 
or Bezoar Goat {Capra agagrus), which at the present time ranges 
from Crete to North-west India. But there is very likely an 
admixture of one or more other strains. 

So far as civilized nations are concerned, the most important 
products obtained from the Goat are kid-skin, for glove-making, 
and “mohair", which is the long silky over-hair of certain Asiatic 
breeds. The chief source of the latter is the well-known Angora 
Goat, native to Asia Minor, and distinguished by the beauty of 
its long white silky coat (fig. 1165). The Kashmir Goat, which 
also ranges into Tibet and the Asiatic steppes, possesses an 
undercoat of fine soft wool, and it is this which is made into the 
familiar Kashmir shawls. Large herds of the steppe variety are 
among the most valuable property of the nomad tribes, not only 
on account of their skins and wool, but also as a source of meat, 
milk, butter, and cheese. 

The Camel (Camelus). — Being eminently adapted to desert 
conditions the Camel has been a most valuable domestic animal 
in Asia and Africa from very remote times. There are two 
species, the one-humped Arabian Camel {Camelus dromedarius), 
which is the familiar kind introduced by the Arabs into Africa, 
and the two-humped Bactrian Camel (C Bactrianus, fig. 1166) 
of Central Asia. It is dpubtful whether either species exists in 
the wild condition. Both are represented on the Assyrian 
monuments. The most important use of Camels is to serve as 
beasts of burden, a large animal being able to carry 1000 
pounds weight or more for a distance of 30 to 35 miles a day. 
Several breeds exist, and a distinction may be drawn between 
baggage-camels and racing-camcls or dromedaries. The latter 
are capable of maintaining a pace of from 8 to 10 miles an 
hour for a considerable part of the day. There are also various 
crosses between Arabian and Bactrian camels. 

Camels are most valuable as beasts of burden, both in peace 
and war, but they are also an important source of meat and milk, 
while the thick wool of the Bactrian species is greatly esteemed 
for textile purposes. The Arabian Camel is by no means limited 
to Africa and Arabia, for it ranges also from Syria to North-west 
India, and has been introduced into Italy, Spain, the Canary Islands, 
North America, and Australia. It is probably of Indian stock. 



DOMESTICATED MAMMALS AND IHEIR USES 


331 

The Llama (Lama lama) ano Alp\c\ (L pacos). — We know 
from geological evidence that creatures of the camel kind first 
came into existence in North America Thence some of them 
migrated into the Old World, passing over a land area that once 
existed in the North Atlantic (or vui land uniting Alaska and 



1166 —K.»r>,l iz with Battnan C'imeN ( tmfl iPitutnus) 

Asia), while others made their way into South America. From 
the former Camels took origin, and fiom the latter the cameline 
forms of South America, with which we are now concerned. 
All animals of the sort having become extinct in the intervening 
area, and submergence ot the connecti g land having isolated 
the Old World from the New, the group has come to be distri- 
buted in a discontinuous manner. 

The domesticated camelines of South America are the Llama 
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and Alpaca, both probably derived from the wild Guanaco {JLama 
guanaciis^, which now ranges from the mountain regions of 
Ecuador and Peru to Tierra del F^uego. 

The Llama {^Lama lama), an animal much smaller than the 
camel, has been an important beast of burden in Peru and Bolivia 
from ancient times, though now largely replaced by horses, mules, 
and oxen. Its flesh and wool are also of value. At the time 
of the Spanish Conquest it is said that some 300,000 llamas 
were employed in transporting silver from the famous mines of 
PotosL 



Fig 1167 — Alpacis 


The Alpaca ( 7 ^. pcuos, fig. 1167) is somewhat bigger than a 
large goat, and is bred for the sake of its flesh, and more 
especially on account of the fine qualities of its fleece, which is 
distinguished for its softness and elasticity. I'he fine straight 
hairs average from 7 to 9 inches in length, and are strong without 
being coarse, differing in this respect from wool of other kinds. 

The Pig (Sus scrofa). — While oxen, sheep, and goats are well 
adapted to the needs of pastoral nomad races, it is quite otherwise 
with swine, which are notoriously difficult to drive from place to 
place. Their domestication is, in fact, one mark that their owners 
have abandoned a wandering life, and entered upon the agri- 
cultural stage of civilization, which is a distinct advance upon the 
pastoral one. We should expect therefore that the prehistoric 


THE LLAMA {Iumppm iama^ 


This animal was domesticated in very remote times by the 
ancient Peruvians, and even now is an important beast of burden 
in the high Andes of Peru and Boli\ i.i, though the ongmal breed 
has been replaced to a great extent by domesticated forms intro- 
duced from the Old World In former times it was used in great 
numbers for the transport of silver ore from the famous mines of 
Potosi in Bolivia, more than 13,000 feet above the sea. 

The Llama may be described as an American cousin of the 
Camel, belonging, as it does, to the same group of 

Ruminants or Cud-chewers The eailicst known members of this 
Acre, however, native to North America, from which aiea 
the stork spread on the one hand into South America, and on the 
other into the Old World, having since become extinct elsewhere. 
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races of the Old World would tame the ox, the sheep, and the 
goat before turning their attention to the pig, and the evidence 
of the lake-dwellings of Switzerland favours such a conclusion, 
for in that area at any rate swine were not domesticated till the 
Age of Stone had given way to the Age of Bronze. And posi- 
tive evidence is also available to show that the Swiss lake-dwellers 
of the latter period cultivated several kinds of grain, and were, 
in fact, agriculturists of a primitive kind. 

Ordinary European Swine are probably npt an tinmixed race, 
but the predominant strain in them is derived from the Wild Boar 
{Sus scrofa), which at the present time is widely distributed 
through Europe, IVorth Africa, West Asia, and Central Asia. It 
inhabited Britain down to the end of the sixteenth century. The 
W ild Boar of India, Ceylon, and Further India is probably a 
variety of the same species. The domesticated pigs of China and 
Japan wouVl appear to he of entirely different origin. 

I'hc uses of the Pig are manifold, and too well known to 
rccjuire detailed notice. As Simmonds says (in Animal Products) '. 
“ It is the animal in which there is the least waste between the 
dead and living weight, nearly all the carcase being utilized. The 
blood, the skin, the head, and most of the entrails, which are 
Useless in other animals, serving as food.” Leather, bristles, and 
lard (empio)ed for a great \ariety of purposes) are the most 
valuable of the remaining proiiucts. In 1902 this country imported 
about 328,000 tons of bacon and ham, the v^ilue of which was 

7,285.867 And it was estimated that in June, 1903, the 
numlxT of swine in the Ibiited Kingdom amounted 104,085,704. 

Tm: Housi: (E(.)uus caballus). — Wild Horses w^ere among 
the animals hunted by prehistoric man in Euiope during the 
Stone Age, as wc know from contemporary drawings that have 
come down to us from the times (Newer Palaiolithic period) which 
immediately preceded the final (or Neolithic) epoch of that age, 
when the implements and weapons of stone were either neatly 
chipped or carefully j)olished. It is remarkable that the men of 
the Newer Palaeolithic period were possessed of considerable 
artistic power, as is now the case with the Esquimaux, their 
possible descendants, and they whilev* away part of their leisure 
time by scratching spirited outlines of various wild animals on 
pieces of bone, ivory, or antler. One such drawing represeiuing 
two hog-maned horses is depicted in fig. 1168. It would appear. 
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however, that the Horse was not domesticated in Europe until the 
Bronze Age, or at least not to any large extent 

At the present time there do not appear to be any truly wild 
horses of the same species as our domesticated breeds, and the 

so-called “wild 

^ /(I horses of South 

S' ^ America, for e\- 

' scendants of tame 

Fig it68 —Pofhutonc Hog Maned Hones (froni Isaac Taylor's Tkt Ongtn *1 UK 

^ rysai, b> the courtesy of Mr Walter Scott) anilliaiS WniCll 


have escaped from 

captivity. There is, however, a small kind of horse [Eqiius 
Prze^va/skii, fig. 1169) native to the desert regions of Central 
Asia, which possibly approaches in some respects to the ancestral 



Wig. 1169.— Pr«e«abk)’i Hone (£gMw Prwn$Mkiut) 


Stock. The mane is not well developed, and the tail resembles 
that of a donkey. The greatly specialized limbs of horses and 
their allies have undoubtedly been evolved as an adaptation to 
swift progression on plains of desert or steppe nature (see vol. iii, 
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p. i4o)< it is probable that in colour and markings the ancestral 
forms harmonized more or less with their surroundings. Darwin 
long ago suggested that the bars and stripes so often present on 
various parts of the bodies of domesticated horses m.iy be a case 
of awvism, t.e. “reversion” or “throw back” to ancestral characters. 
Cossar Ewart has greatly elaborated and adduced fresh evidence 
in support of this view; in his o^nion primeval horses were clothed 



1 * ig 1170 —Head of " Matopo ”, Prof Cossar Ewart s Zebra {Eguns Burcheili), and of 1 Norwegian Pony 


the prehistoric drawings). Fig. 1170, which Professor Ewart has 
kindly permitted me to borrow from his book {^Thc Penycuik Ex- 
periments), shows how the head-stripes possessed by a particular 
Norwegian pony compare with those on the head of a Zebra, an 
animal which might almost be described as a striped and hog- 
maned latter-day horse. The followii^g quotation is taken from 
the book just mentioned: — “We can only guess as to the colour of 
the remote ancestor of the horse, but nearly all who have made a 
special study of the subject have come to the conclusion that the 
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less remote ancestors were dun-coloured. But it is hardly sufficient 
to say the ancestors were dun-coloured, for in Norway four shades 
of dun are recognized, which include nearly every colour from 
white to black. There are (i) white duns (white and li<>ht creams) 
with white mane and tail; (2) yellow duns with black mane and 
tail, including creams and light bays; (3) elk duns, frequently 
approaching in hue bays, chestnuts, and browns, and (4) mouse 
duns, some of which are nearly black. After a full considei.ition, 



f IK U71 — Arabian HofM, 


of the subject, I am inclined to believe the body-colour ot the 
striped ance-itral horse of the temperate regions w.is mainly of a 
yellowish browMi colour. As the descendants extended their range 
the ground-colour would change, a sand colour probably })revailing 
in desert areas, a reddish dun in the vicinit\ of forests, a mouse 
dun in the far north, a light tint near the tn^pics, and in the up- 
lands a gray or .ish tint.” TJiere is a ma^'ked res(*mblance betvxccn 
Norwegiiin ponies and certain Indian breeds, in view of which it 
is interesting to notice that according to the traditions of Scan- 
dinavia the horse was introduced into that region from the 
by the god Odin. But though the body of evidence is on the 
whole in favour of the view that Central Asia is the old home of 
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the domesticated species of horse, it must not be forgotten that 
equines, like camelines, were originally evolved in North America. 

I'he horse, like many other forms domesticated from ancient 
times, presents a great variety of breeds, produced by artificial 
selection, and suitable for widely different pur{)oses. Arabians, 
Clydesdales, and Shetland ponies or shelties ”, may be taken as 
examples (figs. 1171-1173). 



hig ii7i -AdjJpMii't 


It is unneccssar) to dwell ujion the im[)ortant services rendered 
by the horse to m<in, alike during peace and in times of war, as a 
diMiight animal and for riding purp(^ses. And anuuig our dumb 
intimates he ranks second only to the dog. 'Fhe return of live 
stock of the United Kingdom for June, 1903, included 2,069,859 
horses, a modest total compared to over i6j^ millions jXDSsesscd 
by the United States, and over 22 million's by Russia. 

Horse-flesh is by no means unimportant as an article of food, 
and probably plays a more prominent part in the dietary^ of Europe 
than is commonly suspected. The hide is of considerable value, 
and horse-hair is put to various uses, though the once familiar 
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hair-cloth, figurine^ as an eminently respectable if slippery covering 
for chairs and solas, has been replaced by cheaper and more 
attractive materials 

The Ass (Eoues asinus) — Many of the purposes served by 
the horse are discharged with considerable cfificienry by his 



Fg 1174 fg>pt nS ilpurc 


too often cruelly treated donkeys st en in this country, for some iJ 
the breeds of South Europe and the Fast are handsome and even 
graceful White asses have long been esteemed, as may be illus- 
trated by an allusion in the Old Testament, “ Speak, ye that ride 
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on white asses, ye that sit in jiidoment, and walk by the way’* 
(Judges V. 10). The undeserved obloquy from which the modern 
‘'moke’* suffers is, however, the survival of a very ancient pre- 
judice. Possibly the original source of derision is to be looked for 
in the shockingly inharmonious voice of this unfortunate creature. 
The views of the ancient Plgyptians on the subject are thus sum- 
marized by Houghton (in Natuj'al Histo7'y of the Antient ^^'. — 
“The ass was sacred to Typho, ‘the Evil Being’. According 
to Plutarch, the Coptites had the custom of throwing an ass 
down a precipice; and the inhabitants of Busiris and l-)copolis 
carried their detestation of it so fai as ne\er to make use of 
trum[)ets, fancying that their sound is similar to the braying of an 
ass. li^ven the colour of the unfortunate which, !n Egypt, as 
in ancient Palestine, was of a redde-r tint than is usual with the 
domestic ass of Elnglaiid — was lookt'd upon as indicatite of the 
Evil Being, and any unha])py man who was of a ruddy com- 
plesion, or had decidedly red hair, was thought to be related 
to the' I'vil Being (Typho).” 

Several species of wild donkey are native to Asia and Africa. 
One of the latter, the Nubian As^ {Etjuus - ifricanm or tccniopus), 
i*- [)n3bably ancestral to the doniesticateil form. The original 
stock most likely resembk'cl in colour and markings that from 
wduch horses have sprung. 

It ma) (on\enientl) be noted here that the the striped Tiger- 
Horses or Zebras, of which Afiica possesses three indigenous 
species, are not the wild and intractable creatures once supposed, 
but are susce|)tible to domestication Nor do the zebras of the 
“fly” distiicts succumb to the bit(‘s of the tsetsc‘-fl\ , an insect that 
nitikes considercd)le tracts in iropic<d ;\frica im[)ossible for horses. 

Mills AM) Zi aR\-Mi 1 1 s It is <i familiar fact that ordinary 
mules are crosses or b)brids between horse and ass. On account 
of th(*ir stn*ngth, endurance, and sure-footedness tlu\ ire inxalu- 
abli' beasts of burden in mountainous countries, and pla\ a more 
important part both in [)eace .ind w«ir than is commonly realized 
in England, wflierc there is con->iderable prejudice tigainst them. 
IVobably Spain h<is made more use of them than any other 
nation, especially in the New Workl. The importance of the 
mule in war so far as the British Empire is concerned has been 
abundantly demonstrated in our African and Indian campaigns, 
and its value in peace is also considerable. 
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Unfortunately mules are often vicious, stubborn, and difficult 
to manage, and probably on this account have not so far been used 
so much as might be desired in the development of the resources 
of the mountainous parts of the empire. A partial solution to 
the problem may perhaps be found in the employment of zebra- 
mules, i,€, crosses between horse and zebra (fig. 1175), which are 
much more docile than ordinary mules. This step has been advo- 
cated by Captain Lugard, Major von Wissmann, and Professor 
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Cossar Ewart, the last of \vh»>m makes the following remarks 
on the subject (in The Pmyemk h x/>truuints)' “ I have already 
referred to the views of Captrim Imgard. He wTites: ‘Some 
years ago I advocated e\periments on taming th(' zebra, and I 
especially suggested that an attem[)t should be made to obtain 
zebra-mules by horse or donkey mares. Such mules, I believe, 
would be found excessively hardy, and impervious to the ‘fly' 
and to climatic diseases. ... I would even go further, and say 
that their export might prove one of the sources of revenue and 
wealth in the future; for, as e\eryone knows, the paucity of 
mules both for mountain batteries and for transport purposes 
has long been one of the gravest difficulties in our otherwise 
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almost perfect Indian Army Corps.’ Since this was written 
much information has been gained as to the dreaded tsetse-fly, 
but apparently there is extremely little chance of horses being 
made immune, i.e, so treated by inoculation or otherwise that 
they will be able to survive if once infected by the peculiar 
minute organism so intimately associated with the all too fatal 
disease. Further, owing to the destruction of cattle by the 
rinderpest, the transport difficulties have- been increased in 
Africa, while the frontier wars have increased the demand for 
mules in India. On the other hand, it has l^een proved that it 
is a com[)aratively simple matter to cross various breeds of 
marcs with a Burchell zebra, and if experts are to be trusted, 
the hybrids (zebra-mules, as some call them) promise to be as 
useful and hardy as they are shapely and attractive. The pre- 
liminary difficulties having been overcome, it remains for those 
in authority to ascertain of what special use, if any, zebra hybrids 
may be in various parts of the Km])ire, but more especially in 
Africa and India.” Prof. Ewart, in a recent letter (March, 1904), 
has kindly supplied me with further information.-- “ Some of the 
hybrids arc constantly being driven in Hamburg. Eight of 
those I bred are going to the St. Louis Exposition. Apparently 
a hybrid withstands the tsetse poison belter than a zebra which 
has not been reared in the ‘ fly ’ country. Some of the hybrids 
out of Iceland (inbred) ponies are extremely tractable, and can 
be used for carrying children.” 

d'liK Elumiant.- -Although both African and Indian Ele- 
phants can be tamed, it is only the latter species that has been 
of very great service to man as a domesticated animal Its con- 
siderable intelligence and (‘normous strength make it useful as 
a beast of burden and for lifting heavy weights (fig. 1176). P'or 
such purposes, and also in war, it has been employed in the 
l^ast from very remote limes. But its nervous temperament and 
uncertain temper constitute serious drawbacks, especially in the 
case of the males. Some of the characteristics t)f this animal 
are thus described by Sir Samuel Baker (in ll'i/d Beasts and 
their liars ): — “Although I may be an exception in the non- 
admiration of the elephant’s sagacity to the degree in w^hich it 
is usually accepted, there is no one who more admires or is so 
foolishly fond of elephants. . . . There is, however, a peculiar 
contradiction in the character of elephants that tends to increase 

voi. IV. ilo 
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the interest in the animal. If they were all the same, there 
would be a monotony; but this is never the case, either among 
animals or human beings, although they may belong to one 
family. The elephant, on the other hand, stands so entirely 
apart from all other animals, and its performances appear so ex- 
traordinary owing to the enormous effect which its great strength 
produces instantaneously, that its peculiarities interest mankind 
more than any smaller animal. Yet, wh(‘n we consider the actual 
a[Jtitude for learning, or the natural habits of the creature, we 
are obliged to confess that in proportion to its size the elephant 
is a mere fool in comparison with the intelligence of many insects. 

. . . It actually docs nothing remarkable, unless specially in- 
struct d; but it is this inertia that rendcTS it so valuable to 
man. If the el(‘phant were to be continually exerting its natural 
intelligence, and \olunteering all maniu‘r of gigantic performances 
in the hope that they would be ai)pr(‘ciated by its rider, it would 
be unbear<ible; the value of tin* animal consists in its capacity 
to learn, and in its passive demeanour until direcu*d by the 
mahout’s commands." 'I'he same writer advocates, in the follow- 
ing words, the domestic, ition of the African spf*cics:- “It is much 
to be regretted that no system ha^ been organized in iXfrica for 
capturing and training the wiki elephants, inste.id of harrying 
th(*m to destruction. In*a country where beasts of burden are 
unknown, as. in e(juatorial Afric.i, it seems incredil>le that the 
power and the intelligence of the elephant have* b(‘en completely 
ignored. . . . W hen we (fmsider the j>eciiliar j)Ower that an ele- 
phant possesses for -swimming long distances, and for supporting 
long marches under .in ( normous weight, we are tempted to con- 
demn the apathy ev<*n of Iuirop<‘an settlers in Africa, who ha\'e 
hitherto ignored th( capabilities of this useful cnMture d he 
chief difficulty of / fri^ an commerce is th(‘ lack of transport. 
The elephant is ar urably adapted b) his natural habits for 
travelling through .» v ilcl country devoid of roads. He can 
wade through unbri.!gi*d streams, or swim the ik'epc'St nvers 
(without a load), and he is ecjUcdly at lw>m(‘ either on laud or 
water. Ilis carrying })ow(*r for continu(*cl service! would be from 
13 to 14 cwi'».; thus a single elejdiant would convey about 1300 
lbs. of ivory in addition to the weight of the pad. 'fhe value 
of one load would be about ;^^500. At the present moment 
such an amount of ivory would employ twenty-si.x carriers; but 
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as these are generally slaves which can be sold at the termina- 
tion of the journey, they might be more profitable than the 
legitimate transport by an elephant/* Sir Harry Johnston, while 
in favour of experiments in this matter, thus expresses his fore- 
bodings as to the result. — “The question of its domestication and 
uselulness to man is a very doubtful one. It is relatively easy to 
obtain young African elephants, and to tame them in a few days 
or a few weeks. It is also easy to train them to bear burdens 
on th( ir backs or to perform other simple tasks, but it cannot be 



Fig 1 176 — An liiUidit h lef hani {Llrfikat Indtcus) lifting Timber 


said as they grow up that they evince the same docility that is 
characteristic of the Indian elephant, while after the males ha\e 
reached maturity they are positively dangerous. Something might 
be done with the adult female African elephant.” {Nature, 1904.) 

Tiir Rabbit (Lppus cunkulus) and Hare (L. timidus). — 
The various breeds of Rabbit which are domesticated in Europe 
are all descended from the common wild form, which was origi- 
nally restricted to the countries bordering the Western Mediter- 
ranean, and the islands of the same region. Some of the races, 
especially Chinchillas and Angoras, are valued on account of 
their fur, the flesh being also utilized (fig. 1177). In this country 
they are chiefly kept as pets, and for show purposes. 
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The Rabbit has long played a minor part in the civilization 
of various peoples, regarding which Darwin gives the following 
information (in Animals and Plants under Domestication ): — 
“The tame rabbit has been domesticated from an ancient period. 
Confucius ranges rabbits among animals worthy to be sacrificed 
to the gods, and, as he prescribes their multiplication, they were 
probably at this early period domesticated in China. They are 
mentioned by several of the classical writers. In 1631 Gervaise 
Markham writes: ‘You shall not, as in other cattell, looke to 
their shape, but to their richnesse, onely elect your buckes, the 
largest and goodliest conies you can get; and for the richnesse 
of the skin, that is accounted the richest which has the equallest 

mixture of blacke and white hair 
together, yet the blacke rather 
shadowing the white; the furre 
should be thicke, dee[)c, sniooth, 
and shining; . . . they are of 
body much fatter and larger, 
and, when another skin is worth 
two or three pence, they are 
worth tw’o shillings’. From this 
full description we sec that silver- 
gray rabbits existed in England at this period; and, w'hat is far 
more important, we see that the breeding or selection of rabbits 
was tljen carefully attended to.” 

Although the Hare cannot now be called a domesticated 
animal, it was so in ancient Rome, as it happened to be one of 
the numerous animals relished by the epicure, its shoulder in 
particular being esteemed a dainty. The animals were kept 
in a hare-preserve or leporarium, which was a large enclosed 
park. They were sufficiently tame to come and be fed in winter, 
a horn being blown as a signal to them. At first, it would seem, 
intended for hares only, the leporaria were at a later date tenanted 
by rabbits as well, these having been introduced from Spain. 

The Fat Dormouse or Loir (Myoxus glis, fig. 1178). — This 
was another animal that appealed to the palate of the Roman 
epicure. Houghton gives the following account of the way in 
which it was treated (in Natural History of the Ancients ): — 
“ Dormice {glires) were very highly esteemed as food by the old 
Romans. Small yards were walled around, in which were planted 
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oak-trees to supply the animals with acorns. These preserves 
were called gliraria\ holes were dug in the inside of the yard 
for the dormice to breed in; a little water was supplied to them, 
but dry soil was necessary. They were fattened in large jars 
(doliis), and were plentifully supplied with acorns, chestnuts, and 
walnuts. In these dark places they soon got fat. . . . Dormice 



l g 1178 —The F*»i Dorn o»iv: or Loir ( Vjatrts 


were considered articles of such luxury tl'iU one of the consuls, 
M. Scaurus, prohibited them by a censor’s edict, and, as Pliny 
says, ‘they were banished from our tables’. Notwithstanding 
this edict, however, a gHranum appears to have been an ordi- 
nary adjunct of a Roman gentleman’s villa. ... I believe the 
fat dormouse is still eaten in some parts of Italy, but how far 
the flavour depended on the inherent good quality of the crea- 
ture’s flesh, or on the mode in which it was cooked, I am unable 
to say.” 
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BIRD (Aves) as domesticated ANIMALS 

The Fowl ((ialll’s domestk us). — The very numerous 
breeds of domesticated fowls, some of which differ greatly from 
one another in appearance, are generally held to he all descen- 
dants of the R(*d Jungle Fowl {(Ja//ns bankiva or fcrrugineus)^ 
which at the present time ranges from North India through 
South-east Asia and part of the Hast Indies to the Philippines. 
Among the domestic.ited races (lame-Fow^ most nearly resemble 
the original type (tig. 1 179). 

l^'owls are valuable not only Ix^caiise they and their eggs 
are important articles of diet, but also on account of their 
f(‘athers. which are put to \arious uses. Poultry -farming is 
now rightly regarded as one of ihos(‘ minor agricultural intlus- 
tries uj)on which the pros{>erity of the small farmer and the 
peasant lirgely depends. A good instance is aff(r)rded by the 
Irish egg- industry. Not many years ago the j)rotluct was 
notorious in England on account of the uncertain age of the 
eggs which were put upon the market; tht'se being only in 
great demand for election purposes. And the industry, such as 
it was, benefited the Irish farmer but little, being (sxploited by 
persons having no stake in the develo|)ment of the agriculture 
of the country. Hut now, thanks to the co-operative [)olicy of 
Sir Horace Plunkett, which' has been in every way of enormous 
benefit to Ireland, the Irish eggs, sorUal, cleansed, and properly 
packed, can be .sold in the London market within three days 
after being laid; and the very considerable [)rofits directly benefit 
the farmer«i and peasantry. A similar story regarding Irish 
butter might have been told when the imi>ortance of horned 
stock w^as emphasized in an earlier paragraph. 

Fowls do not appear to have formed part of the live stock 
of the prehistoric races of Europe, but that they have been 
tamed for a long period of time will be gathered from the 
following quotation (Newton — A Dictionary of Birds )'. — “Several 
circumstances seem to render it likely that Fowls were first do- 
mesticated in Burma or the countries adjacent thereto, and it 
is the tradition of the Chine.se that they received their poultry 
from the West alx)ut the year 1400 h.c. By the Institutes of 
Manu, the date of which is variously assigned from 1200 to 
800 li.r., the tame fowl is forbidden, though the wild is allowed 
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to be eaten — showing that its donicstication was accomplished 
[in India] when they were written. 1 he bird is not mentioned 
in the Old Testament, nor by Homer, . . . nor is it figured on 
ancient Egyptian monuments. Pindar mentions it, and Aristo- 
phanes calls it the PersLin bird, thus indicating it to have been 
introduced to Greece through Persia, and it is figured on Baby- 



Fig 1179 —Game Fowls 


Ionian cylinders between the sixth and seventh centuries b.c. 
It is sculptured on the Lycian marbles in the British Museum 
(circa 600 b.c.), and Bl)th remarks (Ibis, 1867) that it is there 
represented with the appearance of a true Jungle Fowl, for none 
of the wild galli have the upright bearing of the tame breeds, 
but carry their tail in a drooping position.” 

The Duck (Anas boschas). — Ducks are of less importance 
than Fowls, but their uses are much the same. There is little 
if any doubt that the ordinary breeds of domesticated Duck 
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are descended from the Mallard or Wild Duck {Anas bosckas), 
which has a wide distribution in the Northern Hemisphere. 
This bird seems to have been tamed at a later date than the 
Fowl, but it was apparently kept in a state of semi-domestica- 
tion by the Greeks so long ago as the time of Aristophanes 
(448(^)-388 B.C.). From them the Romans appear to have learnt 
it^ virtues, but we gather from Varro (116-27 bc.) that in his 
time the taming piocess was not complete, for he states that 
duck-enclosures should be covered with nets, to prevent the escape 
of their inmates, as well as to exclude predaceous animals. 

Other species 
of duck are also 
domesticated in 
Europe, c special Iv 
the Musk or 
“Musro\y Puck 
{Canuia >h0^ 
ihaiii\ n.Uivc to 
Soutli AnuiK i 
Tin (joosi 
(Ansi k i)()\ii sii 
CIS) — (.j( csc^h.u 
been domesticate d 
from \ c r) remote 
times, on wlmh 
point Darwin remarks (in Animals and Plants under Donustua- 
lion ) — '‘That geese were anciently domesticated wc know from 
certain verses in Homer, and fiom these buds having been kcjit 
(38S B c ) in the capitol at Rome as sacred to Juno, which sacied- 
ness implies^ great antiquity” It is generally held that the tame 
European breeds are descended from the Gray Lag Goose {An\cr 
cinerciis, fig 1180), native to Britain and most countries ol the 
Continent, and ranging east to China. There «ire but few domes- 
ticated varieties, and these resemble one another and the p irent 
stock more than might be expected, there having been far less 
variation than, e,g, in the case of Fowls. The most obvious 
difference between a tame and a wild bird consists in the lighter 
or even perfectly white plumage of the former. 

The soft under-feathers of geese are largely used for stuffing 
pillows and beds, being of greater value in this connection than 



Fig 1180 — Gray Lag (»cese {Anstr tinfreus) 
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those of other domesticated birds. And before steel pens came 
into general use the large feathers from the wing were in great 
demand for the making of quill -pens, which even now have 
many admirers. 

The Turkey (Meleagris gallopavo). — A native of the 
southern part of North America, this bird was first described 
in 1527, and is known to have been domesticated in Europe 
by 1530, having very likely been introduced early in the century. 
That it soon found favour in this country is evident from the 
following facts quoted by Newton (in ^7 Dictionary of Birds^\-~ 
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“ The earliest documentary evidence of its existence in England 
is a ‘constitution ’ si’t forth by Crannier in 1541. . . . I'his names 
‘ 'I'urkeycocke ’ as ont‘ of ‘the greater fowles ’ of which an eccle- 
siastic was to have ‘hut one in a dishe . . . Moreover, the 
comparatively low' jirice of the two Turke}s and four Turkey- 
chicks served <it a feast of the serjeants-at-law’ in 1555 (Dugdale, 
Orioitics) ])oiiUs to their having become b) that time abundant, 
and, indeetl, by 1373 Tusscm* bears witness to the part they had 
already begun to ])lay in ‘ Christmas luislxindlie tare 

The CiiiiM'A-b'ow l (Nlmida mileagris. fig. iiSi). — This 
form is native to W est Africa, and appc'ars to have been domes- 
ticated at two different periods, i.c. in the times ot the ancient 
Romans, and during the sixteenth century. 

Under the term “poultry" may be included fowls, ducks, 
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geese, turkeys, and guinea-fowl, and the importance of these 
(especially the first) to agriculture in this country may be seen 
from the following statistics: — The value of the poultry and eggs 
consumed in the United Kingdom during 1902 amounted to 
16,408,994, including foreign produce worth ^7,358,934, Irish 
produce worth ^2,300,000, and produce of Great Britain worth 
750,000. 

The Pigeon (Columba livia). — The wild Blue Rock- Pigeon 
{Co/umda livia), the races of which have at the present day a 



Fig 118a. — Ostriches {Stmtkut camtltu) on a South Afncan Farm 


very wide range through Europe, Asia, and North Africa, is 
believed to be the original stock from which the very numerous 
domesticated breeds are descended. The ancient Egyptians 
would seem to have turned ii over 5000 years ago, and it was 
valued by them not only as a source of food, but also as a 
means“ of communication. Its military importance in the latter 
connections has been abundantly demonstrated in modern times, 
and it seems destined to play a leading part in the campaigns of 
the future. 

As we shall see in the sequel the theoretical importance of 
pigeons is very great, for they throw considerable light upon 
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the question of evolution. The various breeds were studied 
with the utmost thoroughness by Darwin, and more recent ob- 
servations show that the subject is by no means exhausted, and 
that these birds are most desirable subjects for experiment when 
heredity problems have to be considered. 

The African Ostrich (Struthio cameix’s). — Although 
ostriches have been domesticated or semi-domesticated by some 
of the native tribes of Africa from remote times, the “ostrich 
farms'* of the south are of comparatively recent date (fig. 1182). 
The inducement to this industry is of course found in the valu- 
able plumage the white wing -feathers being most esteemed, 
while those of the tail and also some of the back plumes are 
also marketable. Birds are in their prime when from three to 
four years old, and the feathers of the males are of better 
quality th.ai ‘duj'>c of the females. They are plucked or cut off 
about twice in three years, and are subjected to a number of 
processes before being fit for use. Ostrich-feathers constitute an 
important export from Cape Colony, yielding not far short of a 
million pounds sterling annually. The industr) has been intro- 
duced with more or less success into several other parts of the 
world, notably Southern California and Australia. 

DOMESTICATED INSECTS (Insecta) 

Under this heading may be placed the Honc\-Bee (Apis 
7 m////ica), the Silk-Worm Moth (Bo7/7dy.v viori, &c.), and the 
C\)chineal Insect (Coccus cacti). The industries which these 
insects render po'-sible are all of ancient date, and the two first 
of very considerable importance. 

The Hoxrv-BrE (Ans MELLinrA). — A liking for sweet 
things is a wide-spread human weakness, and appears to be of 
very old standing. Wild bees of difterent kind an* nati\e to 
many parts of the world, and the honey which some of them 
store in abundance no doubt .soon attracted the attention of 
primitive j^eoples, who.se most important business in life con 
sisted in the discovery of edibles (compare vol. ii, p. 63). Of 
a small Brazilian species Bates says (in The Naturalist on the 
Amazo 7 is)\ — “A hive of the Mclipona fasciculata, which I saw 
opened, contained ^ about tw'o quarts of pleasantly-tasted honey. 
The bees . . . have no sting, but they bite furiously when their 
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colonies are disturbed.” Semon complains of the time wastec 
in the search for honey by the blacks he employed to hunt out 
the Spiny Ant-Eater (EcAidna): — “About a dozen black families 
had gathered in my camp at that period, but only two or three 
of them performed any work worth mentioning. The control of 
their day's labour was very difficult, as we were not able to 
follow them on their rambles, and to make sure of their really 
pursuing the track of Echidna and not giving themselves up 
to sweet idleness or to the search of nests of the stingless 
Australian bee, of the honey of which they are excessively fond. 
. . . Many an hour destined for labour did they spend in the 
pursuit of these bees’ nests. Still greater was the loss of time 
when they discovered a nest of our European honey-bee. Mr. 
Cole, the doctor in Gayndah, w'as an eager apiarian, and from 
his hives European bees, which soon became wild, had spread 
all over the Middle Burnet. . . . Whenever it happened that my 
blacks discovered a tree which the immigrated bees had chosen 
as a dwelling, and the hollow of which they had filled with their 
sweet stores (often to a height of eleven yards or so above the 
ground), all the mob would at once assemble to fell the mit^hty 
tree, often the work of a day.” {/n The Australian Bush.) 
Readers will doubtless be able to recall appreciative bTl)lical 
allusions to the desirable properties of honey. 

In the case of the Honey-Bee {^I/n’s mellijica), wnth which 
we are here niore especially concerned, the primitive apprecia- 
tion of sweets led in very early times to the pr.ictice of aj;i- 
culture. As in so many other things the ancient Egypti.ins 
w'olild seem to have led the way, their example being zealously 
followed by both Greeks and Romans. T'he littoral of the 
Eastern Mediterranean was possibly the original home of the 
species, and, if we include varieties, it now has a wide range 
in the Old World, and has also been introduced into Ameriai, 
the West Indies, Australia, and New Zealand. 

As elsewhere sufficiently indicated, the Honey-Bee represents 
the final term of specialized social life among its kind, though 
very possibly .some features have been brought about by the 
influence of long-continued domestication. The leading facts 
about it are so well known that a brief outline may here suffice. 
A populous hive will contain a queen, several hundred drones 
or males, and from 30,000 to 50,000 “work(Ts”, i.e, imperfectly- 
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developed females, specialized in various ways so as to be able to 
perform efficiently the varied duties necessary to the maintenance 
of the community (fig. 1183). The queen is comparatively large, 
with slender body, vshort wings, and a curved sting. Maternity 
is her sole function, and she is fed and tended with the greatest 
assiduity by the workers. Except for the nuptial flight, and 
when migrating with a “swarm” to fresh quarters, she does not 
lea\e the hive. Onl) a single queen is tolerated by workers 
in the same community and if one should happeji to emerge 
trom a “roval cell ” while the reigning queen is still in the hive 


a duel U' the death en- 
sues. II a queen should 
intiiide fiom outside the 
lesult may be similar, 
or tlu workers may mob 
the mterlojHT, though 
th(‘\ will not sting her, 
and death b) star\<ition 
or suifocation is com- 
monl) her fiite. A 
(juocn IS astonishingly 
feitile, and under fa- 
vour cdilc circumstances 
is cap.ible of la) mg 
fiom two thousand to 



thns' thousand eggs in 

a da\ Some of these are unfertilized, and develop into drones, 
but the majority arc fertilized, .ind are usually destined to pro- 
duce females, though it is not impossible that sr^ne of these 


also may give rise to drones. 'Hie hie of a queen extends 


over four or five years. 

'Fhe stingless drones are smaller and stouter than the queen, 
and distinguished by the enormous si/e of their compound t')es 
They do absolutely no work, but th(*ir presence is patiently 
submitted to until the end of the summer, because a minute 


percentage of them are destined to become the fathers of com- 
munities. At the approach of autumn, when food is becoming 
scarce, the drones are mercilessly expebed from the hive, or 


ev^en, according to some authorities, ruthi sly slaughtered. 

The workers are smaller than the drones, and distinguished 
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by many special characters. One of the most remarkable con- 
sists in the possession of a “ pollen basket ”, consisting of a hollow 
covered by transverse rows of hairs on the inner side of the 
first joint of the hind-foot (fig. 1184). There are also wax-glands 
on the under side of the abdomen, by which scaies of wax are 
secreted, this being the chief building material (fig. 1185). The 
sting is straight, and the mouth-parts better developed than in 



Fig iiS4 K<rt ol Hi.iil If K nf j Worker 
Bee, grc.itly enlir, n', lf» ‘■how I'olleii H.fskcx, 
abo\c \shicli, on ng'U side, m»v be set-n i jnn- 
cer-like ArrangciKfnt used for various purposes 


queen and drones, the proboscis in 
particular being longer, and well 
adapted to probe the recesses of 
flow'ers in the search for nectar (fig. 
1186). These and other sj)eciali/a- 
tions are, of course, related to the 
fact that the workers dischaige all 
the duties of the hive, egg -production 
alone excepted A few of them may. 



Fig. 1185 —Under Side of a Worker Bee, enlargi'd, vhowin/ 
pl.ites Ilf wajf 


however, be fertile under exceptional circumstances, but in that 
case their eggs invariably hatch out into drones. Workers torn 
late in the season may survive till the following year, but the 
rest live only for six or eight weeks. 

The waxen combs made by the workers for storage of focxl 
and reception of eggs are suspended vertically, and consist of six- 
sided cells, of which there is a set on eithcT side of the comb, 
separated by a thin party- wall (fig. 1187). The long raxes of the.se- 
cells slope slightly outwards and upwards. The smallest of them 
are for storage and worker-brood, and there is a larger size in 
which the drones are reared. A comparatively small number of 
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royal cells are constructed at the edges of the combs as cir- 
cumstances may require. These are somewhat acorn-shaped, with 
dowmwardly-directed mouths, and a good deal larger than any 
of the hexagonal cells. In them the young queens are reared. 
The v/orkers that produce the wax for comb-construction hang 
suspended in dense clusters 

foi many hours, until eight - ^ ® 

little scales of wax have been 
secreted on the under side 
of each of them. They 
thc*n successively visit the 
highest part of the hive, and 
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Ff (iM. — Extcndcil Mouth parts of a Worlcer Fig 1187— Honey Comb a, Small celU in section a, 
Bac, wen Urom alx>vc, with iHl Jiffereni re{^lons Ditto 111 surface view c, Comb with brood on left develop* 

separitcd mlarg^d llie long "tongue is sccii in ment (f a werker egg (r), larvse (/), pupa i/), imago (w) on 

the centre and the second jaws (ist maxillx) lx low right arc seen royal cells (r c ), the middle one unopened 


work the scales into a lenticular mass. The hind-legs are used 
for detaching the scales, and the jaws for kneading them. Other 
workers excavate areas corresponding to the cells, building up 
the walls of these from the wax scooped out, and as the work 
proceeds the two sides of the comb are simultaneously operated 
on by two gangs of labourers. At the same time fresh wax is 
added as required to the edges of the growing comb. 
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For filling up the crevices of the hive bees employ “propolis ”, 
which consists of resin collected from the buds and bark of trees, 
especially horse-chestnuts and pineL It is carried to the hive 
in the same way as pollen. 

The limbless grubs which hatch out from the eggs in three 
days’ time are fed and tended by the younger workers, and at first 
receive a soft substance consisting of honey and pollen that have 
been swallowed and partly digested by their attendants, with 
which is mixed a fluid secreted by certain glands of the head. 
This mixture is commonly known as “royal jelly”. Larvae 
hatched from unfertilized eggs always become drones, but those 
emerging from fertilized eggs may become either workers or 
queens, according to the way in which they are fed. A larva 
which the workers intend shall become a queen is nourished 
entirely upon royal jelly, possibly differing in composition from 
that which the others at first receive. It would apjxiar to be of 
stimulating nature, for queens develop more quickly than members 
of the other castes, requiring only 15 days (from the laying of the 
egg) as against 21 for a worker, and 24 for a drone. The larvae 
destined to become workers or drones are quickly “ weaned ”, 
honey, pollen, and water being substituted for jelly. After being 
fed for 5 days (or 6 in the case of drones) the larvae attain their 
full size, when the workers seal the cells with a mixture of pollen 
and wax, that permits the diffusion of air. Within its cell the 
larva spins a silken cocoon, imperfect at the hinder-end in the case 
of queens, and passes into the motionless pupa stage, from which, 
later on, the perfect insect emerges, to bite its way out into the 
hive. 

When a hive becomes overcrowded the surplus population, 
accompanied by the reigning queen, “ swarms ” out of the hive 
to seek fresh quarters. This never takes place unless one or 
more royal cells with inmates are present in the deserted home. 
When the first young queen emerges from these, her first act 
is to tear open the remaining royal cells and sting the inmates to 
death, an operation which is rendered possible by the inriperfect 
nature of the cocoons in which these are enclosed. After a nuptial 
flight the young queen settles down as the new mother of the 
community. Sometimes the workers will prevent the first emeiged 
young queen from destroying her sisters, and in that case there 
is a possibility of the first migration being succeeded by after- 
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swarms or casts”. Domesticated bees are more given to 
swarming than wild ones. 

Bce-Keeptng or Apzciiltnre , — The remarks already made about 
the importance of poultry-keeping (p. 246), as an adjunct to 
agriculture, apply here also, though to a less extent. To give a 
long account of the industry is unnecessary, and readers requiring 
details will do well to consult Cowan’s British Bve-Kcepers Guide 
Book, I'liis writer thus speaks of the paying nature of the 
industry, and the essentials to success: — “The culture of the 
honey-bee is now universally admitted to be one of the most 
profitable of rural pursuits. It has engaged the attention of in- 
telligent per.sons of all ages; yet it is only comparatively recently 
— by the introduction of improved movable-comb hives, the 
honey-extractor, and comb-foundation —that this pursuit has been 
rendered longer a matter of chance, but as certain and more 
remunerative with small outlay than any other rural occupation. 
Much has been written about the enormous profits to be derived 
from bee-keeping; and, stimulated by what they have read, 
persons have purchased a few stocks, and, after keeping them 
without any attention for some years, have given them up, having 
failed for want ol a knowledge of the first principles of bee- 
culture. Although anyone may keep bees, it is not everyone who 
can become a proficient bee-master. Energy and perseverance, 
together with aptness for investigation, can only ensure real 
success. While some degree of talent is essential, m this as in 
every other pursuit, ordinary ability directed to the attainment 
of a specific end will be more likely to be rewarded by success, 
than the most extraordinary talent divided among half a dozen 
different pursuit.s. The man who is thoroughly conversant with 
his business, is familiar with its requirements, has mastered its 
every detail, and who is industrious and energetic, will be likely to 
succeed; and if, in addition to this, he possesses good executive 
abilities, his success will be very apt to be above the average.” 

A few words may be of interest on the three requisites to 
enlightened apiculture mentioned in the above extract, t.e. mov- 
able-comb hives, honey-extractors, and comb-foundation. The 
familiar bell-shaped straw hive or “ skep ” may be picturesque, 
but is eminently undesirable. It renders regulation of the bees’ 
labours impossible, necessitates destruction of the combs, and too 
often means that the industrious insects are choked by the fumes 

VOL. IV. lit 
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ot burning sulphur as a preliminary to taking their honey. All 
this is altered in the movable-comb or “ frame” hives (fig. 1 188). 
These are square wooden boxes, which open at the top, and 
contain a number of wooden frames for holding the combs, and 
easily taken out at pleasure for the purposes of the bee-keeper. 
They render it easy to regulate the bees, including the swarming, 
in almost any required way. The reigning queen, for example, 
can be deposed, and replaced by a more fertile successor, or one 
of more desirable race. 

The honey-extractor is a simple device for rapidly rotating 

combs so that the 
honey flics out 

L by centrifugal 

■L . force, and this is 

I a ■■ ■ ^ ■ T ■ TM I ^ vast impro\e- 

1^ ment on the 

M Us^lliliillllliillUJ L method of crush- 

^ ing and straining. 

I As Cowan very 

I I — 

\ ** When we bear 

mind that bees 

^ I consume about 20 

I pounds of honey 

Fig 1188 —Cowan Hive ui Looguuduial Sectioa a Body box b, floor board. Order tO prO- 

c; strengthening piece D, entrance gallery B, entrance porch r, outer cue, Hnce OnC DOUnd 
C, protective plinths h, roof of entrance gallery i, sliding door at entrance, 

K, roof, L, roof catch si, alighutig board m, stand, o, rack with three scettons, WaX WC Can 

below which u seen a frame of comb. * 

realize the advan- 
tages of a machine which enables us to give them empty comb, 
and thus save them the labour of comb-building”. 

To supply comb-foundation is the next best thing to giving 
empty combs. This consists of thin plates of wax, which have 
been passed between suitably-embossed rollers, so that the 
** foundations ” of the cells are laid, and there are also projecting 
ridges of wax, furnishing enough material for the completion 
of the cells, save that required to cover them. Foundatioa is 
made with either small cells suitable for worker-brood (or storage), 
or with larger cells adapted for drone-brood. It is possible, by 
supplying one or other kind as desired, to regulate within certain 
limits the number of workers and drones produced in the hive. 
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There unfortunately appear to be no means of ascertaining 
how far British apiculture is profitable Honey to the value of 
;^30*349 was imported into this country in 1903. 

The Silk-Worm Moth (Bombyx mori, &c., fig. 1189). — The 
most important and best-known kind of Silk-Worm Moth is the one 
(Bombyx 77iori) of which the caterpillar or “silk-worm ” feeds upon 
the leaves of the mulberry- 

tree. The life -history is ^ 

sufficiently familiar. From 
the egg a minute larva ^ 
hatches out which is full 

grown in about five weeks, ~ 

during which time it casts its r 

skin several times. At the 
end of this period the silk- 
worm spins a cocoon, which 
consists of two long threads, 
the hardened secretion of 
two large glands that open 
on the under-lip. 

The material known as 
“cat-gut” is made from the 
secretion of the silk-glands, 
which are removed from 
the caterpillar and subjected 
to suitable treatment 

The culture of silk- worms 
is generally supposed to 
have been first practised in 
China, the first allusion to 

•4. 1 ^ 1 4-^ tj ^ rig *189.— SUk Worm Moth a, CaterpiUax 

It dating back to 2640 B.C, («Ik-“ wo™, ■'). B.female moth. c. cocoon 

according to Chinese re- 
cords. Thence the industry spread through Korea into Japan, 
and also into India, Persia, and Central Asia. Its introduction into 
Europe is ascribed to the Emperor Justinian, who is said to have 
induced a couple of Persian monks to undertake a journey to China 
with the view of surreptitiously obtaining eggs. These worthies 
are stated to have been successful in their mission, reaching Con- 
stantinople with a supply of eggs (concealed in bamboos) in the 
year 550 a.d. To this source the silk-industry of Southern Europe 
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may be traced, and to France and Italy, in particular, it is now 
of great importance. In the former country about 137,500 cwtSb 
of raw silk (worth 1,080,000) is produced annually, while the 
Italian yield in 1902 was 823,718 cwts. (worth 2,355,057). 

Of late years the Chinese have engaged in the culture of the 
Oak Silk- Moth {Saiumia Pemyt), of which the larvae feed on 
oak-leaves. The silk is coarser and less valuable than the 
ordinary kind, but possesses the merit of greater strength. An 
allied species ( 5 . yama^mai) is cultivated in Japan. 

How far 

I V ^ silk is im- 

V I j portant to 

V I I / Britain may 

I a gathered 

the fact 

I \ that in 1902 we im- 
/ \ ported 1,252,848 lbs. 

/ \ of raw silk worth 

I \ ^728,020, and silk 

I \ 

^ / I The Cochineal 

Insect (Coccus 

Fig. 119a— Nopil <vrr/wr/Zry<r«> and CochmralfnsecK 'CM-rrij rATTT fio* lTnn\ 

each), ndarged, female to left, male to nght ^ ^ 

— The colouring - 

matter known as cochineal, as also (to some extent) the pig- 
ments known as carmine and lake, are derived from a species 
of bug native to Mexico, which feeds upon the Nopal {Opuniia 
coccinellifera)^ a plant of the cactus sort. The culture of this 
insect dates back to the times of the ancient Mexicans, and is now 
of some importance in Central America. The insect and its food- 
plant have also been successfully introduced into the Canary 
Islands, Algeria, Java, and Australia. The colouring- matter is 
obtained from the dried bodies of the female insects, which are 
ground and extracted. It requires about 70,000 of them to 
produce a pound of cochineal. The introduction of cheap aniline 
dyes has caused this industry to decline, while carmine and lake 
can now be manufactured chemically. 





HUMMING-BIRDS ^Ifochihid) 


These brillMnll>-coloui< d little foims, of which between 400 and 
50c ;9pLCie&« have been desciihcd, «iic peihaps the most attractive 
members of their class, and sonic of them are the smalkst known 
birds. Excluding the tail, which is often long out of all piopoition, 
they vary in length from 8^ to rather less than 2*2 inches. 'Ihcy 
are wholly American ''and West Indian), ranging fiom licria del 
f uego to Canada, and from sea level to a verlic il height of 16,000 
feet. The mountains and hills of the noithcin parts of South 
America arc inhabited by the laigest number of beautiful species. 
Unfortunately, like many other buds of attiacti\e plumage, they 
are ruthlessly hunted down to minister to the \anit) of womankind. 

The species leprcsented in the plate aie i. I iimf/toliHina fhtnnr^ 
2 rhalurania fufcata^ 3, J^sbta spat^anut / 4 Calypte 

5. Diphlogana Hesperus, 
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CHAPTER LXVIII 


ANIMAL FRIENDS— FISHES. MOLLUSCS, AND CRUSTA- 
CEANS AS FOOD— FISHERIES 


To do anything like justice to tnc ‘harvest of the sea”, not 
to mention the “freshwater harvest”, would require a very con- 
siderable space, but the importance of the subject may be 
sufficiently illustrated for the purposes of this book by a few 
salient md figures. It will be convenient to successively 

consider Fishes, Molluscs, and Crustaceans, beginning in each 
case with a brief account of the more valuable species, and adding 
a few remarks on fisheries, culture-methods, &c. In the pre- 
paration of this chai)ter the writer has been greatly helped by 
Mr. J. T. Cunningham’s Marketable Marine Fishes, as well as by 
papers and MS. notes by Professor J. Travis Jenkins. 

Much kind assistance has also been given by the Secretaries 
to the French, German, Italian, Russian, and U.S. Embassies, 
the Legations of Holland and Scandinavia, the Italian Chamber 
of Commerce, the Imperial Russian Financial Agt'ncy, our own 
Department for Agriculture and Fisheries, and the Whitstable 
Oyster Fishery Company ; also by the U.S. A. and Newfoundland 
Fisheries Departments, the High Commissioner for Canada, and 
the British Consuls-General in Christiania, Paris, and St. Peters- 
burg. 

FISHES (Pisces) AS FOOD 

Without entering into minute technical details, it will be 
desirable in the first place to say a little about the three chief 
methods by which fishes are captured on a commercial scale, 
i.e. line-fishing, net-fishing, and trawling. 

Line-Fishing. — Before the prehistoric races of Western 
Europe had learnt the use of metals there is evidence to show 

that large fishes, such is salmon, were secured by means of 
▼oi IV. »i us 
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bone harpoons, and the earliest fish-hooks were made of bone 
or shell. The remains from the Age of Bronze include a number 
of fish-hooks of that metal, and of these our modern devices of 
the same nature are doubtless lineal descendants. The most ex- 
tensive development of line-fishing in this country is exemplified 
on the Scottish coasts, where such fishes as cod, haddock, "and 
ling are thus caught. A series of cod-lines may reach the great 
length of eight miles, and carry 4680 hooks on attached “snoods ”, 
the favourite bait being whelks. The somewhat shorter haddock- 
lines are mostly baited with mussels or lug-worms. 

Net-Fishing . — This more wholesale method of capture has 
the advantage of obviating the trouble and expense of bait. 
Dnft-neis afford the chief means of catching fishes which, like 
herrings, pilchards, and mackerel, swim in large shoals at or 
near the surface, and they are nearly always worked at night. 
Such a net is practically a curtain, of which the upper edge is 
floated by corks, while the lower edge is sunk by weights. If 
by skilful manoeuvring a shoal can be induced to dash against 
the meshwork, their heads easily pass through (the size of mesh 
being adapted to the particular species), and the projecting gill- 
covers prevent withdrawal. For herrings a series or “train” of 
drift-nets may extend a distance of i mile, while for ma^erel 
the length may be twice as great Stines, which may be as much 
as 1200 feet in length, are hanging nets which are drawn round 
shoals of fishes so as to enclose and secure them as in a bag. 
After the catch is made it may be hauled on to fishing-boats 
or drawn to shore according to circumstances. Certain other 
smaller nets will be mentioned as occasion arises. 

Trawling . — This is, of course, a variety of net-fishing, and 
specially adapted for the wholesale capture of fishes that live 
on or near the bottom. The “ trawl ” or “ beam-trawl ” (fig. 
1191) is essentially a large, flat, tapering net, which is dragged 
over the sea- floor, and may be as much as 100 feet long, with 
a mouth 50 feet wide. The “ beam ” is a horizontal spai by 
which the mouth is kept open, and which does not scrape along 
the bottom as sometimes sup|)osed. It would be out of place 
here to describe all the elaborate details of construction. For 
most purposes trawling, especially as practised by steam-vessels, 
is rapidly superseding some of the older methods of fishing. 
And as it not only means the capture of vast quantities of 
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adult fishesy but also destruction of great numbers of immature 
individuals, trawling cannot but tend to deplete the natural 
supply. It is to be hoped that our knowledge will ultimately 
be sufficiently extensive and accurate to grapple with the ques- 
tion as to how best to regulate this kind of fishing, with a view 
to maintaining the more important species in sufficient numbers. 
At present our ignorance on many points is considerable, not to 
say profound, and there is no lack of exaggeration on a slender 
basis of fact 

The Herring Family (Clupeid^e). — The members of this 
family are widely 
distributed in the 
coastal waters of 
both tropical and 
temperate seti- hut 
are not found in 
the deeper parts of 
the oceam From 
the economic stand- 
point they are the 
most valuable of all 
food-fishes, which is 
partly due to the 
fact that they live in 
large surface - feed 
ing shoals. The 
chief method of capture is by means of drift-nets”. The most 
important British fishes belonging to the family are Herring, 
Sprat, Pilchard, and Anchovy. 

The Herring (Clupea harengus, fig. 1192). — Of all European 
4iinne fishes this contributes most largely to the human food- 
supply, especially when converted by curing methods into the 
familiar “red herring”, “kipper”, and “bloater”. It was long 
supposed that herrings migrated periodically from northern waters 
to the south, on both sides of the North Atlantic, but their move- 
ments are now believed to be of much iiiore local character. It 
may, in fact, be stated that the direction of these movements is 
alternately towards and from the land, the former being under- 
taken for the purpose of spawning in shallow water, where the 
heavy, sticky eggs sink to the bottom and adhere to various 
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objects. In British seas a distinction may, somewhat doubt- 
fully, be drawn between “summer" and “winter" herrings, 
which appear to be two distinct varieties or races that spawn 
respectively at the seasons indicated. Winter herrings favour 
estuaries, and it is they which are fished, for example, in the 
Firth of Forth, Firth of Clyde, and Plymouth Sound. Summer 
herrings, on the other hand, avoid estuaries, and their spawning- 
grounds may be at some distance from the coast They are the 
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more important race, and are caught in vast numbers on the 
north-east coasts of Scotland and the east coast of England. 

The Sprat, Pilchard, and Anchovy, which neja fall tp be con- 
sidered, lay floating eggs, like the large majority of marine fishes. 

The Sprat (C. sprat/us ). — This small species ranges from the 
north of Europe to tjbe Mediterranean, and is largely fished from 
the coast of Kent round our south-east and south shot**” to 
Devonshire. 

It appears that what is popularly known as “whitebait” is 
not a distinct kind of fish, but is chiefly made up of very young 
herrings and sprats, both of which are fond of making their sifay 
into sheltered estuaries. 
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The Ptlchard (C. pilchardus \ — This fish is pretty much like 
a herring in appearance, but its body is of rounder shape, the 
scales are very large, and there are several other points of differ- 
ence. It ranges from the south of Ireland and England to 
Madeira, and into the Mediterranean. As is well known, the 
pilchard fishery of Cornwall is one of the most important indus- 
tries of that county. 

Sardines are simply young pilchards, and not a distinct species 
as sometimes supposed. They are fished on a large scale on 
the west of F' ranee, and also off the coast of North-west Spain 
(Galicia). Sardines are caught by the French to the value of 
some j^400,000 per annum. Our own import of preserved fish 
(largely sardines) from France in 1902 was worth .^373, 960. 



Fig- * *93* —Anchovy {EngmmUt encraiickohu) ^ ^ 


The Anchovy {E 7 iffraulis encrasicholus, fig. 1193). — This 
slender little fish, which is best known to us as the source of 
various* flavourings, is easily distinguished from its congeners 
by the way in which its snout projects in front of the mouth, 
so that this opens on the under side of the head, much as in a 
shark. The anchovy ranges from the coast of Norway down 
the sea-board of Western Europe, and through the Mediter- 
ranean. Although native to our seas it is not the object of a 
British fishery, but the Dutch capture it in large numbers, in 
the Zuyder Zee and the estuary of the Scheldt, by means of 
small drift-nets fixed at either end, netted gaps between willow- 
and poplar-fences (near Bergen-op-Zoom), and by large sweep- 
nets. The importance of the anchovy-fishery to Holland will be 
realized from the fact that in S902 the catch amounted to 100,000 
ankers {an anker = about 88 lbs.). At Bergen-op-Zoom in that 
year 127 cwts. of these fishes were cured, over 77 cwts. of salt 
being used in the process. In the anchovy-fisheries along the 
Mediterranean littoral of Spain, France, and Italy drift-nets and 
seines are employed. 

The Cod Family {Gadidm). — From the economic stand-point 
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this family ranks second only to the one just considered. The 
fishes it includes are voracious ground-feeders characteristic of 
polar and temperate regions. With few exceptions they are 
marine, and their favourite habitat is in water under 200 fathoms 
in depth. Trawling and line-fishing are the chief methods by 
which they are captured. The most notable British species are 
Cod, Coal-F'ish. Haddock, Whiting, Ling, and Hake. All of 
these lay floating eggs. 

TAe Cod {Gadiis morrhua^ fig. 1194). — This large and im- 
portant fish is the most valuable m.ember of its family so 
far as its range extends, i.e. from Arctic seas to the Bay of 
Biscay on one side of the North Atlantic, and as far as 
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New York on the other side. Gliniher thus summarizes some 
of the chief points regarding it (in The Study of Fishes ): — 
“The Cod-Fish occurs between 50° and 75'" lat. N. in great 
profusion, but is not found nearer the equator than 40® lat 
Close to the coast it is met with singly all the year round, 
but towards the spawning -time it approaches the shore in 
numbers, which happens in January in England and not before 
May on the American coasts. The English resorted to the 
cod -fisheries of Iceland before the year 1415, but since the 
sixteenth century most vessels go to the banks of Newfound- 
land, and almost all the preserved cod consumed during Lent 
in the various Continental countries is imported from across the 
Atlantic. At one time the Newfoundland cod-fishery rivalled 
in importance the whale-fishery and the fur trade of North 
America.” The Newfoundland catch for 1902 weighed about 
140,000 tons. 

The Coal-Fish {Gadus virens ). — This fish, locally known as 
“green cod” and “saith”, is somewhat smaller than the ordinary 
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cod, and ranges from the Arctic Ocean into the Mediterranean. 
It is largely fished in northern British waters, and is cured to a 
considerable extent 

The Haddock {Gadus aglefinus, fig. 1195). — Though of 
superior quality in the fresh condition, this fish is perhaps more 
familiar in the cured state, under the names of “ yellow fish **, 
“ Finnan haddie ”, and so forth. In British seas average speci- 
mens are decidedly smaller than cod, and are easily recognixahle 
by the blackness of the lateral line, and by the presence of a 
black blotch above the pectoral fin, attributed by tradition to 
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the finger and thumb of the apostle Peter, though the John 
Dory is another candidate for the honour of the associatioa 
The range of the haddock is much the same as that of the cod, 
but it is only of marked importance in regard to the northern 
half of the British fishery area 

TAe Whiting {G. mer/angus ). — This comparatively small 
species is noted for delicacy of flavour, but to fully appreciate 
this it must be eaten immediately after capture, for it rapidly 
deteriorates, and stands carriage badlv. Though ranging from 
Norway to the Mediterranean, and found all round our coasts, 
it is of more importance to the fisheries of the English Channel 
than to those farther north. 

The Ling {Moiva vulgaris ). — ^This is a large and n^adous 
fish, which is largely cured, but is decidedly inferior to Ae 
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haddock. It ranges from the Arctic Ocean as far as Gibraltar 
on the east of the North Atlantic, but only to Newfoundland on 
the west. It is mostly fished in the northern parts of the North 
Sea, and around the shores of the Orkneys, Shetlands, and Faroe 
islands. 

Tlie Hake (Aferluccius vulgaris), — Like the last-named species 
this is a rapacious fish of large size. Its range is similar to that 
of the cod. except that it is found throughout the Mediterranean, 
and is most abundant on the southern shores of Britain. Like 
most large forms it is somewhat coarse and not greatly esteemed 
as food, though hake steaks are not to bt despised. 

The Flat-Fish Family (Pleuroneciiill). — These are car- 
nivorous ground-fishes of great economic importance, especially 
in the north temperate region, and for delicacy of flavour some 
of the species are unrivalled. The valuable British forms which 
deserve notice are Turbot and Brill, with eyes on the left side; 
and Sole, Plaice, Flounder. Dab, and Lemon Dab, in which the 
eyes are on the right side. All these species lay buoyant eggs. 
Trawling is by far the most important method of capture, after 
which comes line-fishing. 

The Ttirbot {^Rhombus maximus). — This is the most esteemed 
of the larger flat-fishes, and may attain a weight of over 20 lbs. 
It is a shallow- water form, and ranges from the Black Sea, 
through the Mediterranean, up the eastern coast of the North 
Atlantic as far as Denmark and South Scotland. Bony tubercles 
are imbedded in the skin of the left side. In accordance with 
the fact that the turbot is highly predaceous, feeding upon other 
fishes, its mouth is larger than in most members of the family. 

The Brill (R, lavis), — Except in its smaller size, and the 
absence of tubercles on the skin, this species resembles the 
turbot in appearance, mode of feeding, and distribution. 

The other flat-fishes to be noticed here all have the eyes on 
the right side of the body and (except the Halibut) have small 
mouths, adapted to feeding on worms and other small creatures. 

The HeUibut (Hippoglossus vulgaris). — This is the largest of 
all flat-fishes, and is said to sometimes reach the length of' 20 
feet, while individuals of 6 or 7 feet long are often caught 
in British seas. A 7-foot halibut weighs somewhere about 300 
pounds or rather more. It is a decidedly northern species, and 
appears to range right round the southern shores of the Arctic 
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Ocean. In the Atlantic its area of distribution extends as far 
south as the English Channel. The halibut feeds on fishes and 
crustaceans. 

The Sole (Solea vulgaris, fig. 1196). — This valuable and 
delicately-flavoured food-fish, adult specimens of which average 
firom 12 to 18 inches in length, is distinguished from many other 
forms by its shape, which is a narrow oval with continuous outline, 
free from sharp curves or projections. It ranges from the Medi- 
terranean to the south of Scotland, and is captured for the most 
part in water under 
30 fathoms deep. 

The Plaice (Pleu- 
ronecfes platessa ). — 

This common British 
species is or ^un- 
siderable economic 
im portance, though 
its flesh is rather 
flavourless. Average 
specimens vary from 
15 to 18 inches in 
length, but a larger 
size is often reached, 
especially in northern 
waters. The plaice 
may easily be recog- 
nized by the large 
orange - coloured or 
rust- red blotches on the dark side of the body. It ranges from 
the north coast of Europe as far south as the Bay of Biscay. 

The Flounder (P. flesus\ — This is a rather small species, 
the pigmented side of which is dark-brown or black. It ranges 
along the entire west coast of Europe, and is also found in the 
Baltic and Mediterranean. Flounders are estuarine fishes, and 
are able to live in fresh water. 

The Dab {P. limanda). — This is about the same size as the 
flounder, but its pigmented side is of light-brown colour, with 
darker spots, and the skin is rough. It ranges from the north 
of Europe to the Bay of Biscay, and is found both in estuaries 
and the open sea. 



Fig 1196 —Soles ( vulgarti 
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The Lemcn DoS {P, murocephalus \ — This is often sold under 
the name of Lemon “ Sole but it is a poor substitute for the true 
Sole, which it resembles in shape though not in colour. The dark 
side of the body is of a yellowish-brown, marked with numerous 
spots The range is practically the same as that of the Dab, but 
it is most abundant in feirly deep water. 

The Mackerel Family {ScoMBEiuoie). — The members of this 
fiunily are highly predaceous tropical and temperate fishes which 
swim in shoals in die open sea, but approach the land in pursuit 
of prey. Their form admirably adapts them to swift pruigression 
{see voL iti, p. 41). It wifl be neoesmy here to oonskfer two 
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species, the Mackerel and Common Tunny, both of which lay 
floating eggs. 

Mackerel [Scomber vemalis, fig. 1197). — This is one of 
the most beautiful of our native marine fishes, and adults vary 
in length from about i foot to ij inchea The range is from 
the Mediterranean to the Canaries, and north along the shores 
of Europe to the south of Norway. So far as British fisheries 
are concerned mackerel are of importance from the coast of 
Norfolk round the Straits of Dover to Devon and Cornwall. 
Drift-nets and seines are the chief means of capture, but lines are 
also employed, especially in the south-west of England. 

The Common Tunny (Orcynus thynnui ), — This can be de- 
scribed as a gigantic mackerel, which may reach a len^h of 
10 feet, and a weight of about half a ton. Although sometimes 
taken in the North Sea and Baltic it is essentially a native of 
the Mediterranean, where it has been the object of an important 




FISHES AS FOOD 


271 


fishery from very early times. Its flesh is eaten both when fresh 
and in the preserved condition. Pickled Tunny (Saltamentmn 
Sardtcum) was considered a delicacy by the ancient Romans. 
The Italian tunny-fishery, of which Sardinia and Sicily are the 
chief centres, is a considerable industry, which yielded over 
^111,000 in 1902. It commence^ in spring, when the fish ap- 
proach the shore to spawn, and the shoals are either driven into 
shallow water and surrounded by a series of strong nets, or else 
chased into a sort of net-labyrinth, in the innermost compartment 
of which they are slaughtered with clubs, boat-hooks, and the like. 
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The Red Mullet Family (Mullid.e). — The members of 
this family are mostly tropical fishes, but one species, the 
Striped Red Mullet {Mnllns sni^iiilletusy fig. 1198), is common 
in the Mediterranean, from which it ranges to the Canaries and 
Norway. It is taken in some numbers off the south and south- 
west shores of England by means of small drift-nets known as 
trammels. Average specimens weigh about half a pound. It 
is a particularly handsome fish, of bright -red colour (except 
below), with several narrow yellow bands along its sides. There 
is also a Plain Red Mullet {M. barboUts), without the stripes, 
which is common in the Mediterranean, and is occasionally taken 
in liritish waters. Most probably it is a distinct species. 

The Red Mullet is universally regarded as a delicacy, and its 
flavour has suggested the popular name of “ sea woodcock The 
epicures of ancient Rome were extravagantly fond of it. On this 
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point Gunther remarks (in 'I he Study of Fishes): “The Romans 
prized it above any other fish; they sought for large specimens 
far and wide, and paid ruinous prices for them. . , . Then, as 
nowadays, it was considered essential for the enjoyment of this 
delicacy that the fish should exhibit the red colour of its integu- 
ments. The Romans brought it, for that purpose, living into the 
banqueting-room, and allowed it to die in the hands of the guests, 
the red colour appearing in all its brilliancy during the death 
struggle of the fish. The fishermen of our times attain the same 
object by scaling the fish immediately after its capture, thus causing 

a permanent contrac- 
tion of the chromato- 
phores containing the 
red pigment.” 

Tiil John Doky 
Family (Cyttida ) - 
The members of this 
family inhabit tem- 
perate seas, and, so 
far as known, lay 
floating egg:^ The 
body is greatly flat- 
tened from side to 
side. Other fishc's 
:onstitute the food. 
Only one specie s n - 
quires notice, i e. the /ohii Dory {Zeus faber, fig. 1199), which 
iiiciy te of considerabk size (up to 18 lbs in weight). Its narrow 
body is very deep, while the elongated first dorsal fin and large 
staring eye give it an extraordinary appearance. The colour is 
greenish-brown, bandc with y^ellow, and on either side ot the 
body there is a large /i>und black patch wn’th a yellow border 
Gunther says (in The Study Fidus): — “The fishermen of 

Roman Catholic counerks hold this fish in siK^cial respect, as 
they recognize in a black round spot on its side the mark left by 
the thumb of St. Peter when he took the piece of money from 
its mouth”. (See also p. 267.) The John Dory ranges from 
the Mediterranean to Madeira and Norway. It is trawled in 
considerable numbers in the English and Bristol Channels. 

The Gurnard Family (CoTTiDiC). — Here are included widely 
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distributed ground-jfishes, living in shallow water. Among them 
are the little Bull-Heads (Coilus), some of which are common on 
our coasts, while one, the Miller s Thumb, is a familiar inhabitant 
of our brooks. They are of no economic importance, though the 
Germans make soup of the last-named form. The larger Gur- 
nards, however, are valuable food -fishes, of which several are 
British. They lay floating eggs. The head is large and covered 
with strong plates, while some of the rays of the pectoral fins 
are free and serve as feelers. The commonest native species are 
the Grey Gurnard {Trigla gurnardus) and the Bed Gurnard 



Fig. laoa -Thin-lipped Grey Mullet {Mufti cmfitto) 


(7! cuculus), both of which range from the Mediterranean to 
Norway. The latter is most abundant in the Engh’sh Channel, 
and the former in the North Sea. 

The Grey Mullet Family (MuGiLiDyE).— Grey Mullets are 
handsome forms common on temperate and tropical coasts. They 
frequent inlets and estuaries, where they feed on vegetable food. 
There appear to be two species, the Thin-lipped and Thick-lipped 
Grey Mullets {Mugil capita, fig. 1200, and M, ckelo\ which range 
from the Mediterranean into British seas. Both are silver-grey in 
colour with longitudinal black streaks, and distinguishable from 
each other by the nature of the lips as indicated in their names. 
They are taken in large numbers by seines and other nets on the 
south coast of England, but the thick-lipped species seems to be 
more common off the western part of this area. 

So far we have considered marine food-fishes, and it will be 
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now appropriate to make some reference to the members of the 
Eel and Salmon families, which, in a sense, link together the 
forms of sea and fresh water. 

The Eil Family (Murenidv). — Eels are more or less 
cylindrical fishes, which may eithe** be scaleless or possess minute 
scales sunk in the skin. They are widely distributed through the 
fresh waters and seas of the tropical and temperate regions, some 
of the moc;t sjxjciallijed kinds inhabiting the abysmal parts of the 

ocean. They are captured either 
by hook and line or by means 
of wicker-work (or metal) traps, 
provided with funnel - sha{.)ed 
openings. Trident -shaped oel- 
spears, with numerous tines, are 
also used in some localities 
Creatures of the kind have been 
esteemed as a savoury foc'd from 
very remote times, the ancient 
Greeks and Romans, for ex- 
ample, being extremely partial 
to them. There are two 4 }ritish 
species, the Conger and the 
Common Eel. 

Ike Conger {Conger v^ilgans, 
fig. 1201). — This is a large, 
scaleless marine eel, which not 
uncommonly attains the length 
of 6 or 7 feet and a weight of 
60 lbs. It is a shallow -water 
form, and has a very wide distribution, occurring all round the 
shores of Europe, and also inhabiting the coastal waters of 
St Helena, Japan, and Tasmania. 

The Commo 7 t Eel {Anguilla vnlgaris ), — This is a good deal 
smaller than the Conger, but full-grown specimens attain a length 
of 3 feet. When adult it inhabits fresh water, but repairs to the 
deep sea to spawn, the young eels or elvers making their way up 
rivers after undergoing a rather startling kind of transformation 
(see vol. iii, p. 433). This species has a wide distribution in the 
river-systems that discharge their waters into the North Atlantic 
(west as well as east coast) and Mediterranean. 



Fig laoi —Conger LeU 'Camgti vu(gani) 
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The Salmon Familv (S\lmonii* t). -SrilmonoiJ fishes are 
both commercially imj^ortant and also of interest from the sporting 
point of view. About the middle of the hack, there is a dorsal fin 
of the usual character, and some distance behind this a small fatty 
or adipose second dorsal, un‘>uj)por^ed b\ iin-ra}^ The nature 
of this second fin is a distinctive character. The family includes 
various species of Salmon, 1 'rout, Charr, Cjrayling, and Smelt. 
All are natives to the non-tropical parts of the Northern Hemi- 
splicre, with the exception of a kind of Smelt {Rctropinna 
RithariUoni) found in New Zealand and the Chatham Islands. 
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Some of the salmonoids are purely marine, others never leave 
fresh w'ater, and others a^ain may be describt'fl as marine forms 
winch ascend rivers to spawn. The et^gs are heavy and adhesive. 
Only a few imfxirtant species require mention here. 

The Salmon {Salmo salar)- This universalK esteemed fi.sh 
spawns in the rivers of temperate Kurope as far south as 43 
N. lat., and those of t'‘inperatc North America down to 4C 
N. lat. In Britain it reaches commonl> a weight of 20 to 40 !bs., 
and much larger specimens ha\e been xorded. Salmon are 
eaten not only when fresh, but also, especially in North Europe, 
in the smoked condition. The chief method of capture is by 
netting at the time when the fish arc ascending rivers, but large 
numlxTs are also taken \^itli the rod 

The River Troni {Salmo fano. fig. 1202).- Average adult 
specimens of this well-known anglers fish attain the weight of 
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about 1)4 lb., but this may be greatly exceeded, especially in the 
case of local races. It is a purely freshwater species, and more 
delicate in flavour than is usual with such forms. 

The Smelt or Sparling (Osmerus cperlanuSy fig. 1203). — This 
rather small fish is generally considered a dainty. It abounds 
in the tidal parts of many of the rivers of Europe and North 
America, ascending these for some distance for the purpose of 
spawning. Gunther says of it (in The Study of Fishes ), — “ In the 
sea it grows to a length of 8 inches, but, singularly, it frequently 
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migrates from the sea into rivers and lakes, where its growth is 
very much retarded. That this habit is one of very old date is 
evident from the fact that this small freshwater form occurs and 
is fully acclimatized in lakes which have now no open com- 
munication with the sea.” Smelts are taken in large numbers 
by seines in some of the English estuaries which open into the 
southern part of the North Sea. 

There are several other families of ordinary bony fi->hes 
(Teleostei) of which the freshwater species are used as food, such 
as the Carp Family, Pike Family, &c. As, in this country at any 
rate, they are of no particular economic importance, it is scarcely 
necessary to deal with them here. A few words, however, about 
a few of the families of lower fishes will not be out of place. 
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Those of most note include Sturgeons, Skates and Rays, and 
Lampreys. 

The Sturgeon Family (Acipensfridu). — This belongs to an 
ancient group of Fishes (Ganoidei), closely related to the ordinary 
bony type. There are about twenty species of Sturgeon, all in- 
habiting the temperate part of the Northern Hemisphere. Like 
Salmon, they ascend rivers to spawn, and also in some cases for 
wintering, and some of them are altogether confined to the waters 
of the land. The Common Sturgeon [Aetpenser sturiOy fig. 1204) 
belongs to the British fauna, for it enters some of our rivers, as 



Fig 1*04 --O»inon Sturgeon {Aa/tnur 


the Severn and Thames, and, being the property of the Crown, is 
known as a “ royal ” fish. Though perhaps 6 feet may be taken 
as the length of an average adult, a much larger size — up to about 
1 2 feet — may be attained. The species is found on both sides of 
the Atlantic, on the one side entering the rivers of the Eastern 
United States, and on the other those of West Europe and the 
Mediterranean. It is absent Trom the Black Sea The much 
smaller but more esteemed Sterlet {A. ruthenus) is native to the 
rivers that debouch into the Black and Caspian Seas, and also 
inhabits the Siberian rivers. It does not, as a rule, descend into 
salt water. The Giant Sturgeon or Hausen {A. huso), on the 
other hand, is much larger than the common species, but some- 
what coarse. It lives in the Black Sea, Sea of Azov, Caspian, 
and the corresponding river basins. Guldenstidt’s Sturgeon {A. 
Guldenst&dti) ascends the rivers of the Black Sea. 

So^far as Europe is concerned, the sturgeon-fishery is of most 
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importance to Russia. The flesh of all the species is used as 
food, the hard roes (ovaries) are cleaned and salted to figure as 
caviare, to the extent of some 10,000 tons annually, and isinglass 
is prepared from the swim-bladders. Tor all these purposes 
the smaller sorts of Sturgeon, especially the Sterlet, are most 
esteemed. The Volga fishery is on the largest scale, and goes 
on at two seasons, autumn and winter. During the former, 
ground-lines with numerous hooks are used, and operations cease 

when the river begins to freeze. 
With increasing cold the fishes 
congregate at certain spots for 
hibernation, and such places 
are carefully marked by the 
fishermen. Later on, in Janu- 
ary, when the cold is at its 
maximum, the winter - fishing 
is ushered in with great fes- 
tivities. Good-sized hol(‘S 
are broken through the ice 
at the spots previously noted; 
the fishes, disturbed by the 
noise, come to the surface, and 
are promptly secured by means 
of harpoons and iron hooks. 

Skates and Rays (Bat- 
oini i). — These flattened, nar- 
row - tailed, rhomboidal forms 

Fig ifo5 lhjrnba<,k Rant c/ tvaia) COnSOtUtC, With Sharks, Dog“ 

fishes, &c., the great group of 
cartilaginous fishes (Elasmobranchii). The two most important 
British species are the comj^aratively smooth - skinned Skate 
{jRaia balls) and the Thornback (/?. clavata, fig. 1205), of which 
latter the characters are sufficiently indicated by the name. The 
Skate may attain a length of 6 feet or more, and the Thorn- 
back about half as much. Both are common in British waters, 
where they are captured by trawling and by line-fishing. Though 
not among the choicer food-fishes, they are largely eaten, the 
enormous pectoral fins, cut into strips and rolled, constituting what 
is commonly known as “crimped skate”. 

Round Mouths (Cyclo.stpmata). — The eel -shaped scaleless 
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Lampreys, which can be only called fishes by courtesy (see vol 1, 
p 291), are considered great delicacies in some Continental coun- 
tries, but arc not abundant enough in Britain to be of economic 
importance 1 he best know n of our three native species are the 
Sea Lamprey (I^etromyzon fuarinus), which may grow to the 
length of 3 feet, and the much smaller River Lamprey or Lam- 
pern (/^. fluviat less than halt that size, both of which are 
marine forms that ascend some of our rivers to spawn the Severn 
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being especially notable in this respect In Lasse Ws Dutionary 
of Cookery the following remarks arc made about the lamprey, 
apparently the huge species — 1 his not very wholesome, but 
rare and rich fish, was a great favourite in ancient times, and is 
well known to the student of Fnghsh hlstor3^ as it was an attack 
of indigestion, brought on by eating of it too freely, which caused 
the death of Henry I Probable cost uncertain lampreys 

being seldom offered for sale 

FISHLRIES 

In practical fishery mattcis a distinction is drawn between 
“wet’ hsh, ic hshts proper and shell lish among which 
both molluscs and ciustaccans arc included We are here for the 
present concerned with the former only ^except as regards some of 
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the statistics). The importance of the matter to this country may 
be realized by giving a few figures. 

In 1901 the number of fishing-boats registered in the United 
Kingdom (including the Isle of Man and Channel Islands) was as 
follows: — First class (15 tons or more), 7083, second class, 14,067; 
third class, 4647; total tonnage, 302,188. And to this must be 
added a large number of unregistered boats, chiefly of the third 
class. During the same year 68,878 persons were regularly 
employed in fishing, and 37,599 more found occasional employ- 
ment. 

The amount and value of the British catch for 1902 were as 
follows : — 


Wet Fish. 



SiiEii Fish. 


Quantity 
m Cwts. 

Value 

1 

Numljcr. 

Soles . 

76,624 

c 

512.596 

[ Crabs 

8,680,645 1 

Turbot 

64,094 

245.215 

Ix)bsters 

1,632,110 1 
43,482,711 1 

Other prime fish 

33. *84 

81,550 

865,934 

Oysters 

Cod .. 

1,584,528 

Other 'I 

twu. 

613,436 1 

Haddock 

2,941,264 

787, 942 

shell fish / 

Herrings 

8,437.566 

», 53 ». 9«2 


1 - 

Ling 

252,627 

” 5 , 9*5 


1 . 

Mackerel . . 

599.983 

, 390.3* » 



Sprats . . 

76,066 

16,636 

Total Value of British 

Whiting 

Other feh 

403.247 

3,432,862 

161,392 

*,386,675 


lOR 1902, 


£9.707.013. 


17,902,045 

9,296,098 1 




Value 

79,968 

73.317 

119,086 

138,544 


410,915 


We do not entirely rely upon the British fishing industry for 
supplies, for in 1902 our imports of fresh and cured fish amounted 
to 2,587,370 cwts., valued at ;^4, 105,800. Of this amount, how- 
ever, 439,773 cwts. (worth ^809,322) were re-exported, while we 
exported a part of our own catch to the value of ^3, 706,002, 
which included 2,249,976 barrels of herrings, worth .;^2,933,864. 
Of the exported herrings no less than 1,364,613 barrels were 
cured in Scotland, and the greater part of these were for Russian 
consumption, some of them finding their way as far east as Vladi- 
vostock. 

During the last few decades it has gradually been realized by 
maritime nations that the supply of fish is not inexhaustible, and 
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The fishes of the deep sea are highly carnivorous forms, often 
provided with formidable teeth. The eyes are either very large or 
else greatly reduced. Luminous organs are often present. Many of 
these fishes are of bizarre appearance, as may be gathered from 
the plate, which represents eight species, as follows : — 

1. Siernoptyx dtaphana . small and translucent, with rounded 

luminous organs on the sides of head, body, and tail. 

2. Cyema at rum . a small deep*sea eel, with reduced eyes. 

3. Malacosteus Indicus\ very large eyes, two luminous organs 

on the side of the head, and enormous mouth. 

4. Idtacantkus ferox’ a greatly attenuated form, with numer- 

ous small rounded luminous organs on the side of the 
body. 

5. Nemichthys ingens \ a greatly elongated deep-sea eel, with 

large eyes, and jaws drawn out into a slender beak. 

6. Saccopkarynx ampullaceus \ a large deep-sea conger-eel, 

which has succeeded in swallowing a fish much bigger 
than Itself. 

7. Bathypierois longicauda : a deep-sea fish with reduced eyes, 

and much elongated fin-rays serving as feelers. 

8. Macrurus crassiceps : a species of a widely distributed deep- 

sea family related to that including the cod, &c. Eyes 
extremely large, and mouth on the under side of the head. 
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this is partly due to the steady increase oi steam- trawling, which 
means capture on a wholesale scale. Practical men are recogniz- 
ing more and more that expert scientific advice must be requisi- 
tioned if the supply of fish is to be maintained, and still more so 
if it is to be increased. As Cunningham very justly remarks (in 
Alarketable Marine Fishes \. — “ It can scarcely be expected that the 
fisherman or fish merchant will spend his short and hard-earned 
leisure moments in the study of the blue-books and ‘ technical 
memoirs in which the results of research are described; and when 
certain newly -established facts are brought before them in other 
ways it frequently happens that they either deny these facts, as 
contrary to their own experience, or turn a deaf ear, from the 
conviction that such matters are of no practical importance. 
With reference to the contradiction of the naturalist’s conclusions, 
it may be urged that, although he may not be able to climb the 
rigging c' ,.mack, and is generally sick while at sea, although 
also he may be as ignorant as a baby of the mysterious and com- 
plicated practice -of the fish-trade, still he has two advantages over 
the professional fish-man in attempting to get at the truth con- 
cerning the life and habits of fish. F'irstly, he has been trained 
to appreciate the value of scientific evidence, and is on his guard 
against jumping at conclusions; secondly, he can use instruments 
of precision, which are as essential to the investigation of some 
of the matters in question as the compass and the lead to the 
handling of a fishing-vessel With regard to the practical import- 
ance of the naturalists researches and results to the fishing 
industry, it can only be said that there is no doubt about it. It is 
an undeniable fact that parliamentary legislation and local by-laws 
are at the present time constantly being demanded or proposed for 
the benefit of the fisheries, and the reasons by which these pro- 
posals and demands are supported consist largely of statements 
concerning the natural history of the fishes and other marine 
creatures concerned. It is necessary, therefore, that we should 
be able to test the correctness of these statements, and should be 
able to judge correctly of the most probable effect of the measurer 
proposed on the productiveness of the fisheries. 

A few epoch-making dates in fishery work m^ here be 
appended with advantage, 4 nd the reader may draw lu& own con- 
clusions as to the relative enterprise displayed by t 5 }^ nations 
concerned. 1862, Professor Alknan of Edinburgh investigated 
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the spawning of herrings at the request of the Scottish Fishery 
Board. 1864, Professor Sars of Christiania commissioned by the 
Norwegian Government to investigate the natural history of the 
cod and the cod-fisheries of the Lofot Islands. 1870, the Prus- 
sian Minister of Agriculture instituted a Commission for the 
Investigation of the German Seas. 1871, institution of the 
United States Commission of Fish and Fisheries. 1882, estab- 
lishment of the new F'ishery Board for Scotland; this marked the 
first commencement, on a large scale, of the application of scientific 
methods to British fishery problems. 1884, inauguration of the 
Marine Biological Association of the United Kingdom (active 
work at the Plymouth Marine Station commenced in 1887) on 
the initiative of Professor Ray Lankester. The l^te Professor 
Huxley was the first president. In the same year the marine 
laboratories at St. Andrews and Granton (near Edinburgh) were 
completed. 1886, a Fishery Department of the Board of Trade 
was organized, but without power to make scientific investigations. 
1899, an annual sum of ,^10,000 was devoted to Irish Sea- 
Fisheries. More recently the countries interested in the fi'^heries 
of the North Sea have agreed to jointly investigate that area with 
regard to fishery problems on scientific lines. In rqoi the Board 
of Trade appointed a Committee on Ichthyological Research, ^ith 
the view of ascertaining the best methods of carrying out scientific 
investigations of problems affecting British fisheries. The com- 
mittee presented their report in the following year, suggesting 
greatly increased' expenditure, with a view to solving certain 
pressing problems, and recommending, among other things, the 
establishment of a Fishery Council for England. 

Some varieties of fishery work which are of special importance 
may now be very briefly indicated. 

Statistics, — Until we know with some approach to definiteness 
the amount of each kind of fish captured yearly, together with the 
time, place, and method of capture, it will be impossible to form 
a sound opinion as to whether the natural supply is actually 
diminishing generally or locally. 

Habits and Life-Histofdes of Food-Fishes , — It is clear that full 
knowledge on these points is absolutely necessary from the prac- 
tical stand-point, for upon such knowledge must ultimately depend 
the various means adopted for regulating the fishing industry. 
Full information of the .sort regarding any particular form, joined 
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to that derived from statistics, would enable us to determine with 
a reasonable approach to accuracy the l^st methods, times, and 
places for capturing such fish, securing on the one hand a profit- 
able result, and on the other hand obviating wasteful depletion of 
the natural supply. 

Food of Fishes. — Directly or indirectly the most important 
source of fish food is found in “ plankton i.e. the various floating 
organisms which are found in vast numbers at or near the surface 
of the sea (and of lakes). Minute plants, animalcules, small crus- 
taceans (especially Copepods), various larva.*, and floating eggs 
(including those of fishes themselves) are among the more import- 
ant constituents. Some valuable food-fishes, such as the herring, 
feed solely on plankton. 

The amount of this food available bears a direct relation to the 
fish -supply, and Professor Hensen of Kiel has devised ingenious 
and elaboratf* .u^thods of estimating it in a quantitative manner. 
Details canno*' be given here, but the following extracts from a 
paper by J. Travis Jenkins {The Aid hods and Results of German 
Plankton Investigations) will s(Tve to give some idea of the import- 
ance of the matter: — “The plankton estimation methods of the 
Germans, the credit fijr initiation of which is due to Hensen, differ 
from and mark an advance upon the methods hitherto employed 
in England, inasmuch as no attempt is made in the latter country 
to arrive at a quantitative as distinguished from a qualitative 
result. The questions that Hensen attempts to answer are — 
(1) What does the sea contain at a given lime in the shape of 
living organisms in the plankton.^ and (2) How does this material 
vary from season to season and from year to year.^ It may be 
pointed out that the results obtained by the German investigators 
are largely due to the liberal attitude taken by their Government 
with regard to subsidizing scientific investigation of problems 
connected with the sea- fisheries. It is to be hoped that the Irish 
Sea may be subsequently investigated in like manner. A com- 
parison with the results already obtained for the North and Baltic 
Seas could not fail to be of interest and to yield important results.” 
Some of the most striking estimations were made on the number 
of Fork -footed Crustaceans (Copepoda) ii. plankton, since it is 
these which constitute the chief food of herrings, sprats, and their 
allies. The following results were yielded by the method:— “ For 
a square mile of surfiice-w^ater the annual consumption of Cope- 
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poda can be regarded as approximately 975 billion, or for the 
16 square miles of the Eckenforde fishery district [in the West 
Baltic] a grand total of 15,600 billion. A billion Copepoda yield 
not less than 1500 kilograms of dry organic substance, so that the 
15,600 billion weigh not less than 23.400,000 kilograms [/.e. more 
than 22,982 tons]. Taking the average weight of an adult West 
Baltic herring as being 60 grams, and allowing that every herring 
uses in fifty days its own weight of organic substance, we find that 
every herring consumes annually 438 grams. In the 16 square 
miles of the Eckenforde fishery district there exists food in the 
shape of Copepoda for 534,000,000 herring of an average body 
weight of 60 grams. This result may, of course, be largely 
problematical, but it is at any rate extremely interesting. The 
North Sea, in a similar manner to the Baltic, contains :m 
abundant wealth of Copepoda. The open ocean, on the other 
hand, contains much less.” The number of lloating fish-eggs of a 
particular kind contained in plankton may be used as a basis for 
determining the number of fish of the sort prtxsent in a given area 
at a given time. Applying this method to the cod and plaice* of 
the Eckenforde, Hensen estimates that “ man captures for his own 
use every year about one-fourth of the total number of adult fish 
in this particular area of the West Baltic. This result is surprising 
to those who consider the resources of the sea as inexhaustible, 
and believe that the nunrl)er of fish caught by man bears only a 
small proportion to the number actually present in the sea.” It 
is also interesting to learn that the northern seas are richer in 
plankton than those in warmer latitudes. The possibilities of the 
Hensen methods are thus seen to be very considerable, but it is 
unsafe to generalize from a small number of determinations, for 
the distribution of plankton in a given area is by no means uni- 
form. In this, and many other matters involving accurate scien- 
tific research, large government subsidies are urgently needed in 
this. country. We are co-operating, it is true, with other nations 
in a scientific survey of the North Sea for the space of three years, 
but during that period the annual grant of ;^2000 per annum to the 
Scottish Fishery Board is suspended, thus seriously crippling an 
oi^nization that has long been engaged in work of the most 
valuable kind. 

Fish-Culture (Pisciculture). — The rearing of fishes in ponds 
is a very ancient art, which was practised by the Egyptians, 
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Greeks, and Romans, of antiquity. The youn^ of various species 
were made to enter lagoons, prevented from again escaping, and 
kept till large enough for the table. Culture in freshwater ponds 
has been an important Chinese industry from time immemorial, and 
was well understood in England during the Middle Ages, especially 
by the monks, who did not care to rely on chance for the periodic 
fish repasts prescribed by the Church. Remains of old “fish- 
stews”, in which carp, eels, &c., were reared, abound in this country. 

A very interesting outcome of the fish -culture of the old 
Romans still exists in the lagoon of Comacchio, at the mouth of 




F 1207 — A Divisi )n cf C 4 ni iclJ »o 
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of iabynntli f, Ouic.r basin f An teclnml er cf first compartment t Liiamber of ditto H SeLond 
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the Po, where eels are grown on a large scale, and distributed 
throughout Italy both fresh and in a preserved condit’on. The 
definite records of the industry date from 1229, and so long ago as 
the end of the sixteenth century the annual revenue derived from 
the culture amounted to 16,000 annually, a sum which, of course, 
represented much more at that time than it does now. The eels 
sold in 1903 fetched over ;^28,ooo. The whole lagoon, which is 
bounded at the sides by the Reno and Volano mouth of the Po, 
is a perfect labyrinth of ponds and canals, of which a faint idea 
may be gained by examining fig. 1207. The conduct of this 
industry is a very elaborate matter. The ascending swarms of 
elvers have to be guided to their destination, the supply of fish- 
food maintained, full-grown ee^s captured (from August to 
December), and the catch prepared for the market. 
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The pond-culture of Carp is carried on in a very systematic 
manner in some parts of Germany, and it need only be said that 
the fish are transferred from one pond to another according to age. 

The discovery of the possibility of artificial fecundation, by 
mixing eggs and milt together, constituted an epoch in fish-cul- 
ture which opened up far-reaching possibilities the importance of 
which has only been fully realized of late years. It appears to 
have been first practised, for salmon and trout, by S. L. Jacobi 
of Hohenhausen, in Westphalia, so long ago as 1748, and was 
continued by him and his sons, with profitable results, till 1825. 
George III (of England) gave a pension to Jacobi in 1771. 



i4, Hatching tank, into the outer part of which {S) water flous from a tap {n , c and d are hatching trays n^th 
floors of fine wire-gaure i, outflow fl, lank to catch fry whuh evape from A when d is removed , they pass 
into the space /, but arc prevented by the gaurc partition jf from getting washed away in the outflou to the right 


Scotland, as usual, was one of the first of other countries to profit 
by an improvement on old methods, for we find that in 1837 John 
Shaw, a gamekeef>er at Drumlanrig of the Duke of Buccleuch, 
introduced Jacobi s system. But the beginning of fish-culture on 
a national scale only dates from 1850, when the French Govern- 
ment instituted a large fish-hatching establishment at Huninguc, 
in Alsace. At the [)resent time America has profited most by the 
pursuit of fish-culture, which is largely practised with reference to 
their rivers and lakes. One type of hatching apparatus suitable 
for trout and salmon is represented in fig. 1 208 as constructed by 
Dr. Ludwig Staby, and named by him “the deep Californian 
trough ”. 

The fact that most marine fishe.s lay floating eggs renders fish- 
culture in their case comparatively easy, for any quantity of fer- 
tilized eggs can be collected from the surface of spawning -ponds 
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in which adult fishes are confined. In a hatchery for such fishes 
the eggs are placed in various receptacles, where they are kept 
aerated by suitable devices. Macnonald’s hatching-bottle (fig. 
1209) largely employed in the United States for the small eggs 
of shad and other fishes, of which one bottle will accommodate 
about 70,000. 

An important hatchery^ for cod has for some years been in 
operation at Flodevig, near Arendal, in Norway, under the 
superintendence of Captain Dannevig. In Scotland there is an 
important hatchery, chiefly 
used for plaice, connected with 
the marine station at Nigg, 
near Aberdeen, and there is 
also one at Piel, on the coast 
of Lancashire. There arc, of 
course, important hatcheries 
for marine fishes in America. 

Regarding the value of 
hatcheries forTreshwater forms, 
and fishes which, like the 
.salmon, spawn in rivers, there 
can be no doubt. As to marine 
fish -hatcheries, which aim at 
maintaining or even increasing 
the supply by liberating great 
numbers of fry in the sea, the 
data are at present too incomplete to estimate their utility. It 
apfXiars to be certain in some cases that good has been done by 
them, one instance of the sort being afft>rded by the Norwegian 
hatchery^ near Flodevig, but the expense involved is considerable, 
and for some species and some localities may well turn out to be 
so great as not to be* justifudde. The lar majority of the just- 
hatched fry which are now from time to time placed in the sea are 
destined to perish before growing to a marketable size, and it may 
in the end turn out to be necessary to carry the culture to a stage 
which will give a greatly increased chance of survival. But this 
is notoriously difficult, and a large amount of experiment is 
necessary before success is likely 10 be attained. And even in 
the event of the various obstacles being surmounted, the greatly 
increa.sed expense of such a method may prevent its adoption. 



Fig. i?oo —MacDonald’s Hatching Bottle The one on 
the lift IS oi.uiged for hatching puritoscs, and the other 
contains fi> Course of naler indicated b> arrows 
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There is a second possibility of exactly opposite kind, suggested 
by Cunningham, ix. to give up hatching, and largely increase 
the extent of spawning-ponds, contenting ourselves with setting 
adrift vast numbers of fertilized eggs. Both the possibilities 
mentioned require testing on a large scale, and afford suitable 
objects for large Government expenditure. The money spent on 
a single baltle-ship, or even on a cruiser, if devoted to this pur- 
pose, would quite conceivably settle the whole vexed question 
of British marine Ush-hatcheries so far as some of the more im- 
portant food-fishes are concerned. And unless scientific research, 
both pure and as applied to our important industries, fisheries 
of course included, is not far more largely endowed in future 
than it has been in the past, it may come about in the course of 
time that the country will he unable to aftbrd a sufficient number 
of battle-ships, cruisers, and similar expensive necessaries. 

MOLLUSCS (Moiiusca) AS FOOD 

Brief mention has already been made (see p. 214) of various 
molluscs used for food in different f)arts of the world. A few 
of these are of such importance that they reejuire somewhat more 
detailed treatment. They are Oysters, Musstils, Cockle:i, and 
Periwinkles. 

The Oyster (pstrea ). — The most important Lmroj)ean species 
is the “ Flat’' Oyster (O. ec/it/is), to which our “natives” belong. 
There is also the large, somewhat triangular, Portuguese Oyster 
{O. angitlata), which is of considerable economic importance, 
th<'’igh of coarser kind. I'he iXmerican 0\st(‘r {(^. y/rghiiana), 
commonly known in this country as “ blue point ”, is the object 
of valuable and extensive fisheries on the Atlantic coast of the 
United States. In spite of typhoid scares it is probable that 
oysters will continue to be popular delicacies in this country, 
those from Whits table and other fisheries in the Thames estuary 
being most esteemed. 

Oyster Culture . — Some nations engage on a large scale in 
oyster culture as well as oyster fishing. Italy, Holland, France, 
and the United States may be particularly mentioned in this 
connection. This kind of culture mainly depends on the fact 
that the larvae, fry, or “spat” readily attach themselves to 
various foreign objects, and can then be reared to “seed” 
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oysters, which may be further grown where produced, or else 
despatched elsewhere. The practice varies largely in different 
countries, and perhaps the most interesting case is afforded by 
France. It may be remarked in passing that the Italian oyster- 
industry has existed continuously from the times of the ancient 
Romans, and that the oysters are commonly grown upon bundles 
of twigs {fascines). The Dutch largely employ earthenware tiles, 
and the numerous estuaries of Holland afford suitable localities. 

The large development of oyster-culture in France during the 
last few decades is very remarkable, and is the outcome of some 
experiments made in 1853 by M. de Bon, commissaire of marine 
at St Servan. At that time the natural oyster-beds of France 
had been so much depleted by over-dredging that not only was 
strict legislation regarding them necessary, but the question of 
future supply naturally demanded attention. The observer men- 
tioned found that the oyster-fry readily attached themselves to 
pieces of stone or stick, and this was the first step in the evolu- 
tion of “ collectors ” to serve this end. The earliest attempts to 
revive the industry by artificial culture were unfortunately not 
successful, but many natural obstacles were gradually overcome, 
the final result being a flourishing and highly-specialized trade, in 
which there is much division of labour. The total annual value of 
the industry considerably exceeds half a million pounds sterling. 
In 1902 the fresh oysters imported into this country from France 
were worth ;^30.ooo. 

Public dredging of the natural oyster-banks of France is so 
stringently limited by Government that they are ol little im- 
portance as regards the direct supply of the market. They 
arc, in fact, regarded as a reserve of spawning individuals, by 
which vast quantities of spat are produced. One important 
branch of the industry is to catch the spat on collectors in- 
geniously adapted to the conditions of particular localities. Some 
of these devices are made of boards, fixed together in successive 
tiers; but most of them consist of curved earthenware tiles, ar- 
ranged in wooden crates, wired together, or otherwise associated 
(fig. 1210). Whatever their precise nature, they are mostly to 
be found fixed in their appointed places near low tide-mark or 
in shallow water, by the beginning of July, i.e. at the time when 
the fry are liberated from between the shells of the parent 
oysters. The tiles (or boards) have previously been covered 
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with a thin layer of a mixture of lime and sand (or mud), and 
it is the under surfaces which, under ordinary circumstances, serve 
for the attachment of the larval oysters when these give up a 
free-swimming existence for a sedentary life. It may be added 
that in some localities it has been found possible to construct large 
spawning-ponds instead of relying on the supply of spat fron* 
the oyster-banks off the shore. 



Wf uwi— Hie Gabarftt Collector ^Ruche m position fat Arcachon) Young oy^en are ^ecn attached to 
the iQc wlitdi n batag hA«d, and to another that is up-ended on the right The Electors are covered wuh 
■ na weed, ao that when left by the ude they aS% kept moist, and protected from heat and light 


A “set” of spat having been secured on the collectors, the 
tender molluscs are left till about October, by which time they 
have grown to the size of a finger-nail, and are known as “ seed- 
oysters They are then flaked off the tiles (or boards), which 
the thin layer of lime renders possible with trifling loss, and 
carefully packed. This ends the stage of production {produc- 
iion)y and the little oysters are now committed to the care of 
another set of specialists, who rear them to a marketable size. 
This process of iUvage is much more difficult The ileveur 
places the seed in rectangular reanng-cases, the upper and 
lower sides of which are chiefly made of wire-gauze. As 
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growth proceeds, sorting from time to time becomes necessary, 
so as to give increased room. The cases are placed in oyster 
“ parks ”, which are simply enclosed areas of shallow water, with 
bwndaries of the most various character, from lines of waving 
saplings to solid masonry pierced by flood-gates (flg. 1211). 
When the oysters have attained a fair size they may be trans- 
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ferred from the cases to the floor of the park, which sometimes 
has to be specially prepared for their reception. 

There are still two more stages which some French oysters 
have to go through before they reach the market. One is the 
process of “greening”, as at Marennes, the products of which 
are greatly esteemed. The oysters are here kept for a long time 
in small and muddy salt ponds [c/atrcs), where they gradually 
acquire a green colour owing to the nature of the food avail- 
able, which consists of minute alg^e. At the same time a pecu- 
liarly delicate flavour is imparted. Healthy British oysters from 
the estuaries of the Roach and Crouch, in Essex, may also be 
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green, and for the same reason. Certain green oysters, however, 
should be looked upon with suspicion, as, for example, some of 
those from Cornwall, in which the colour is due to the presence 
of copper. 

The last process to which some of the French oysters are 
subjected is that of education for transport. They are gradually 
accustomed to be out of water, and to close their valves closely, 
which clearly enables them to be sent in a good condition for 
long distances. 

English Oyster- Industry , — That this industry is of considerable 
importance will already have been gathered from the statistics on 

page 280. We may take 
as an example the Whit- 
stable Oyster Fishery 
Company, which is one 
of the most notable. As 
to its yield of oysters, the 
Secretary of the Com- 
pany, Mr. W. H. Reeves, 
writes in a private letter: 
“With regard to statis- 
tics I can 041 ly. say that 
our own sales of oysters 
average about 10 million 

Fig. laia.— Shell ofh WhiC^ublc Native, with young Oyiters attached , 

Kedticed. to 12 million yearly, and 

of this number about two- 
thirds are English Natives and the rest imported from France, 
with a small percentage of East River oysters from America”. 
As most persons are aware, Whitstable is on the north coast 
of Kent, ea.st of the Isle of Sheppey, and has been an important 
seat of the oyster-trade from very remote times. The details 
here given are derived from a book by A. O. Collard {^The 
Oyster and Dredgers of l\diitstable\ to which readers are referred 
for further information. The following quotation from this book 
will give an idea of the length of time for which “natives” 
have been popular: — “Among some valuable notes attached to 
the evidence taken on oath in the Committee of the House of 
Lords in 1866, on certain bills promoted by the Heme Bay 
Fishery Company, I find the following observations: ‘The 
Whitstable Company are a most ancient body of ‘ free fishers 




MOLLUSCS AS FOOD 


*91 


and dredgers *, who, from father to son, have carried on the 
business of an oyster fishery during, it is probable, a period of 



tig iai3.->Wheeler'i Beehive Collector Much reduced 

at least two thousand years. It was about a-d. 8o that Julius 
Agricola first exported oysters from the neighbourhood of the 



Fig iai4 — VniiUUUe Oyiter-Dredger at wuric. Dredges on the rail 

Reculvers to Rome, and for the ancestors of the Whitstable 
free drederers Rome was, during about three centuries, their 

TOL. tr. 114 
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Billingsgate.* * . . When we remember what is known of the 
early state of Great Britain, we can scarcely be surprised that 
Sallust, who lived and wrote about fifty years before Christ, 
had a better opinion of our oysters than our ancestors, for he 
said, ‘ The poor Britons — there is some good in them after all — 
they produce an oyster Whitstable may certainly claim some 
share in creating that good impression.** 

The superior quality of the 
Whitstable Natives is mainly 
due to the character of the in- 
shore beds where the oysters 
live, for not only is the soil 
favourable, but there is the 
necessary admixture of fresh 
water of suitable nature from 
the land. Upon these bods 
are planted the seed oysters 
dredged further out in the 
estuary, while some of tht*s<‘ 
are imported from France. 
The “cultch” to which the 
bivalves attach themselves is 
largely made up of empty 
oyster-shells (fig. 1212). One 
ingenious method that has 
been tried for catching the 
spat is by means of Wheeler’s 
Beehive Collector (fig. 1213), 
made of perforated earthen- 
ware, and partly filled with 
empty shells. Space forbids reference to the way in which the 
mature natives are treated after they have been dredged (fig. 
1214) and before they are finally packed in barrels for the 
market. 

The Edible Mussel {Myti/us edulis, fig. 1215). — This mollusc 
is used to a considerable extent as human food, though there is 
rather a prejudice against it on account of the fact that occasional 
batches turn out to be poisonous, causing serious illness or even 
death. That mussels are nevertheless eaten largely in England 
may be deduced from the fart that in 1902 no less a quantity 
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INTERTIDAL AND SHALLOW WATER ANIMALS 


The plate represents a tide-pool on the British coast, and intro- 
duces a number of familiar marine animals. Be^inning^ with those 
lowest in the scale they are : 

i.‘ Sea- Anemones (^Actinicey. 

2- Common Star-hsh ( I 7 r<as/er rudeMs\ 

3. Acorn -Barnacles iBalanus). 

4. Shore- Crab i^Carcinus ma^nnsy 

5. Cockles The one on the left belongs to the 

edible species (C. eduie). 

6. Sea- Mussels {Afytiius edulis). 

7. Scallop {^Pecten\ 

8. Periwinkles i^Uitorind^ Those on the rt|tht are of the 

edible sort (Z.. littorea\ while the small yellow ones on 
the left belongs to another species (Z- oidusaiai^ 

9. Pujrple-Shells (^Purpura U^Uiusy. 

10. Gulls i/uxrt^y 




A TIDAL POOL WITH FAMILIAR MARINE ANIMALS 

*»^-AncmoiJe^ 9 Star-fish. 3. Acorn- B.^ma<.le9. 4 Shore-Crab. 5 C ockles. 

6 Sfs\.Muss*»]s 7 Scallop. 8 Periwinkles q Purple-shells. lOk (juUs. 
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than 43 tons 10 cwts. of them was seized and condemned at 
and near Billingsgate Market. On the Continent the consump- 
tion is much greater than with us. 

The mussel is greatly valued as a bait in British line-fishing, 
particularly on the coast of Scotland. The yield in that country 
for 1902 amounted to 95,663 cwts.. valued at ^5445, which con- 
trasts strongly with the 247,186 cwts., worth ^14,506, collected 
in 1892. I he meaning of the steady diminution w'hich has 
been going on for some years has reference io the displacement 
of line-fishing by trawling. The same thing has been happening 
with regard to “ clams ” (species of Pecten and various other 
bivalves), another valuable bail in Scottish line-fishing. The 
quantity of clams taken in 1892 was 20,769 cwts. (^2736), but 
in 1902 only 4320 cwts. (,^586). 

Mu^st'l-Citltiuw As in the case of the oyster, the eggs hatch 
out into imming “fry*’, which after a time attach them- 

selves to various objects, not, however, by the substance of one 
valve, but by silky b)ssus threads. Nor is the mussel obliged 
to spend the whole of its fixed life in one spot, for it can cast 
off the threads, and crawl away to some distance, if adverse 
circLimstancts rc'iider a change of residence desirable. Import- 
ant nuiss(‘lries were (‘stablished some years ago at Montrose, 
and previously barren ground was made very valuable. The 
principle inv(dvcd essentially consists in reserving certain beds 
for the production of “ seed ”, as in the case of the strictly- 
preserved natural oyster-banks on the French coast (see p. 289). 
PTom these beds the young mussels are collected and planted 
out on other areas. 

On the Baltic coast of Germany tree- branches are thrust into 
the sea-floor in shallow water (fig. 1216). serving as collectors 
for the fry, which grow upon them to a marketable size. After 
from three to five years they are pulled up, weighed, and sold 
with their living crop still adhering. 

At some points of the French sea-board, especially at Es- 
naudes on the west coast, elaborate mussel -farming is practised, 
on what is known as the “ bouchot ” system. Each bouchot is 
a V-shaped or W-shaped collection of stakes driven into the 
mud, with the opening directed seawards. Adjacent stakes are 
connected by interwoven branches, and the 500 bouchots of the 
Esnaude mussel ry have a collective length of not far short of 
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130 miles. During the first two months of the year the mussel- 
fry attach themselves to the bouchots next the sea, and by May 
have grown sufficiently large to be scraped off without diffi- 
culty. They are then placed in small bags made of old canvas 
and the like, which are fixed to stakes further from the sea. 
Ultimately the bags rot away, leaving the mussels hanging in 
bunches by their byssal threads. As time goes on they are 
transferred further and further landwards, till by the time the 



Fig j2i6 —Put of 1 Baltic Miiwlry 


innermost stakes are reached they are large enough to gather 
for sale. The annual yield of Esnaudes is valued at not less 
than £52^000. 

The Cockle {Lardium edulc ). — As a cheap, if indigestible, sub- 
stitute for the oyster this bivalve is largely eaten by the populace 
in this and other countries. It burrows in the sand or mud of 
bays and estuaries, and is captured by raking at low tide. More- 
cam be Bay, Caermarthen Bay, and the estuary of the Teign are 
notable localities. .Statistics for this country are not available, 
for even in the Reports of the Scottish Fishery Board the 
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cockle is an ** unclassified ” shell-fish. But most of us have seen 
small detachments of this mollusc displayed for sale on stalls, 
with vinegar and pepper as accompaniments, and have specu- 
lated as to what kind of customer might be expected. And we 
have the significant fact that, in 1902, 7 tons 18 cwts. 2 qrs. of 
cockles were seized and condemned at or near Billingsgate 
Market 

The Periwinkle {Lillorina littorea), — The popular winkle is 
gathered between tide-marks on many parts of our coasts, the 
greater part of the London supply being derived from Scotland. 
The large quantity of 54 tons 5 cwts. was seized and condemned 
at or near Billingsgate Market in 1902. 

CRUSTACEANS (Crustacea) AS FOOD 

We are here chiefly concerned with Lobsters, Prawns, Shrimps, 
and Crabs (fig. 1217), though these are far from being the only 
edible species. 

The Lobster {Homarus vulgaris), — Of all large crustaceans 
this is the most esteemed in this country, and vast numbers are 
annually consumed. Along the rocky parts of the coast of the 
British Isles, Norway, Canada, and many other countries, lobster- 
fishing is a very important industry. A large part of the English 
supply is derived from Scotland, for which the yield in 1902 >\as 
786,400, valued at £zTyii^, The home-supply is by no means 
equal to the demand, and our imports of lobsters, fresh and 
canned, are very considerable. Of the former we relied upon 
Norway for 38,538 (worth about ;^i85o) in 1902, and upon 
France for many more. Lobster -canning is an important in- 
dustry for Newfoundland, Canada, and the United States. It 
should be added that the American Lobster (//. Americanus) 
is not of the same species as our native form, though closely 
allied. 

Lobsters are caught in “ pots ” or “ creels ”, contrivances of 
the nature of traps, constructed of a wooden framework covered 
with netting (fig. 1218). Fish-entrails or other garbage is used as 
bait, the creel being sunk in a suitable spot by means of stones, 
a cord with a cork at the end serving to mark the spot. 

Lobster-fishing has to be regulated with considerable strin- 
gency, as it is only too easy to deplete the supply. Hatching has 
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been carried on to a considerable extent in several countries with 
a view to maintain or, if possible, increase the numbers available. 
The difficulties to be overcome are far less formidable than in the 
case of fishes, for the female or “ hen ” lobster carries about her 



IS 17 — 1, Common PrMwn Ptlctwon a^rtaUu a. Common Shrimp {CrttHgan tmlgarts 
3, The Edible Crab C finer r fngurm 4, The Lobster {Homams vutgaru) 


eggs attached to the under side of the tail, at which time she it 
said to be in “berry”. So long ago as 1887 Captain Dannevig, 
at the Norwegian fish-hatchery near ^rendal, found it possible to 
rear lobster-fry from the eggs, and such rearing is now resorted 
to by Scotland, Canada, and the United States, among other 
countries. The Aberdeen hatchery, for example, liberated some 
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3000 minute lobsters during 1902. The value of these hatcheries 
is doubtful. 

rhe hdible Crab (Cancer pagitriis\ — This savoury crustacean 
is also of considerable economic importance (see p. 280). The 
chief method of capture is the same as for the lobster. Hatching 
methods are here also being made the subject of experiment. 
li he Aberdeen hatchery cast adrift in the open sea no less than 
4,500,000 of juvenile crabs in the year 1902. 

Shrimps and Prawiis. — A Common Shrimp (Crangon vulgaris^ 
is distinguished from a Prawn (Palccmon sei-ratus, &c.) not only 



Fig iai8 — Crab-Po«s 


by its smaller size, but also by several structural features, of which 
the most obvious is the absence of the sharp saw-edged spine 
which projects from the head of the latter. Prawns arc often 
known as “red .shrimps”. The annual consumption in this 
country must be very large, judging from observation, and the 
fact that in 1902 shrimps (presumably including prawns as well) 
to the amount of over 54 tons were seized and condemned at or 
near Billingsgate Market. We also know that in the year men- 
tioned over 900 fishing-boats (mostly second class) were engaged 
in capturing shrimps and prawns, chiefly by trawls, round the 
coasts of England and Wales. The catch of three small third- 
class Scottish trawlers working for that period in the Solway Firth 
was worth ;^357i, and if the ea-nings of the English boats were 
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proportionate the total value of their catch must have been very 
considerable. And we have further to consider the great army of 
shrimpers working by means of various kinds of hand-net (fig. 
1319), or dragging similar contrivances along by means of carts. 



Fig laig Shnmpcr uorkiin, a Push Net 


The Fresh- Water Crayfish {Astacus fiuviati/is ). — This inhabi- 
tant of many of our rivers* and canals, which resembles a sm*ill 
lobster in appearance, is of no great economic importance to this 
country, although of decidedly delicate flavour. On the Continent 
however, an allied but larger species {A, nobilis) is much eaten 
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ANIMAL FRIENDS— WILD ANIMALS CAPTURED FOR 
VARIOUS ECONOMIC PURPOSES— BENEFICIALS 


The present section has mainly been concerned with the 
animal kingdom as a source of food, although in dealing with 
domesticated forms it has been found convenient to mention com- 
modities of other kinds, such as wool 

We now have to deal with economic products other than food, 
for the sake of which wild animals of various kinds are captured 
Prominent among these desiderata are furs, skins, fats, and oils, 
besides which there are a great number of less important articles 
of commerce, such as sponges and medicinal substances, that call 
for passing notice. Animal products employed entirely or mainly 
for decorative purposes will be reserved for treatment under 
Animal Esthetics. 

FUR BEARING MAMMALS (Mammalia) 

Although in temperate regions, as we have seen (p. 228), 
woven clothes have replaced for ordinary prrposes the garments 
of skin and fur devised by prehistoric races, this by no means 
applies to the colder parts of the world, where ordinary clothing 
does not afford sufficient protection from the rigorous climate. 
The nomad tribes of the Russian steppes, for example, make large 
use of such garments, and the heathen Ostiaks of North Siberia do 
so to a still greater extent (fig 1220). Of the latter Brehm says 
(in North Pole to Equator) that “ they use nothing but the 
skin of the reindeer for clothing, and only employ the furs of other 
animals for the occasional decoration of the reindeer, or, as the 
Russians call them, stag skins Their dress 'onsists of a close- 
fitting skin coat reaching to the knee, in the men it is slit down 
the breast, in the women it is open down the whole front, but held 

together with leather thongs, a hood of the same material is 

801 
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usually attached to or forms part of the dress; mittens also are 
sewn on, leather breeches reach below the knee, and leather 
stockings, which fasten over the knee, complete the attire. The 
fur garment worn by the women is edged down the sides of the 



Fig I MO — RcatlicT) Oiiakt 


opemng with a carefully-pieced border of variously-coloured little 
squares of short-haired lur, and always has a broad band of dog- 
skin round the foot; that worn by the men has at most a bonder of 
dog-skin round the foot; the leather stockings, if they are deco- 
rated at all, are composed of many prettily-combined, diversely- 
coloured stripes of skin from *^he leg of a reindeer, with a stout 
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shoe partly sewn on, partly laced over the foot” The Esquimaux 
dress is spoken of elsewhere (see p. 227). 

That we ourselves have not altogether abandoned the dress- 
materials of our remote prehistoric ancestors is sufficiently attested 
by the fact that in 1902 over 97,000,000 skins and furs, worth 
;^5,578,452, were imported into this country, though of course 
only a part of these were destined for personal wear. 

The list of fur-bearing Mammals is a very long one, but the 
most important orders in this connection are the Flesh- Eaters 
(Carnivora) and the Gnawers (Rodentia), and the purpose of the 
present section will be sufficiently attained by dealing with a few 
species belonging to these. It may be noted that we look to the 
colder parts of the world, especially Canada and Russia, for our 
chief supply, for the growth of a dense under-coat of fur is an 
adaptation to rigorous climatal conditions. And it is the pelts 
obtained in \\I*’ler that are valuable. In 1902 Canada exported 
furs to the value of ;^98,ooo. 

Fuk-Yielding Fllsh-Eatrrs (Carnivora). — Some of the 
most important furs of commerce are derived from the members 
of the Weasel and Marten Family (Mustelidae). Pre-eminent 
among these is the Russian Sable {Alustela sibellind)^ which 
formerly abounded throughout the forest regions of Siberia, but is 
now mostly to be found in the eastern part of that country, includ- 
ing Kamschatka, where the seaport of Petropavlosk is an impor- 
tant dep6t for the pelts. A single skin may be worth as much as 
;^30 in this country. The chief method of hunting is by means of 
dogs, which force the sables to take refuge in trees, from which 
they are shaken or knocked down into suitably disposed nets. 
The closely allied American Sable {M, Americana)^ largely 
trapped in Canada, is also of considerable importance. 

The white skins (with black tails) known as “ermine”, which 
custom leads us to associate with the “ great ones of the earth ”, 
are no other than the winter coats of the Stoat [Putorius efy}itnea\ 
one of our native “ vermin ”. It is widely distributed through the 
arctic and temperate regions of both Old and New Worlds, but 
only assumes full winter livery in the colder parts of its aiea of 
distribution. 

The Minks or Visons are comparatively large aquatic animals 
of the weasel kind, with brown fur. The pelts of the American 
Mink {Putorius vison) are most earteemed, and are of importance 
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in the Canadian fur- trade. Those of the Russian Mink {P. 

IfUreola) are less valuable. 

Passing over Bears, Foxes, Leopards, &c., mention must be 
made of Sea-Otters and Fur-Seals, of which the latter in par- 
ticular are of great economic importance. 

The Sea-Otier (Laiax lutris), native to the coastal waters of 
the North Pacific, has been so persistently hunted down that its 
numbers have rapidly diminished during the last twenty years, and 
it is probably doomed to speedy extinction. Spearing, clubbing, 
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and netting are the chief modes of capture. The fur of the adult 
is very dense, and of a beautiful dark colour. Owing to their 
rarity skins are now of great value, a single one being worth at 
least >fioo, or, in exceptional cases, double that amount or even 
Still more. 

Certain species of Sea- Lions or Eared Seals (Otaridse) are the 
“ fur seals ” of commerce, which furnish the valuable skins with 
which most of us are familiar. Some of them are native to the 
Southern seas, but the most notable kind is the Northern Fur- 
Seal (Otana ursina, figs. I22| and 1222), or Sea-Bear of the Pacific. 
The Pribyloff Islands of the Behring Sea have long been famous 
as one of the most important centres of the industry to which this 
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1 hib sin ill c iriii\orc, a near lelative of our native I’lne Maiten, 
IS one of the most valuable of fur yielding animals It formerly 
ranged across the not them parts of Asia» from the Urals to the 
Behring Sea, but his been so persistently hunted down that it is 
now ehieriy found in the forests of eastern Sibeiia and Kams 
chnlka, I Vtrop ivlovsk on the coast of the latter being the ehicf 
depot for s ible skins It is only the thick u inlet fur that is 
\ahiible ind a |,ood pelt m ly be woith as much as j^30 

Stoles were formerly c lught foi the most put by tr tpping, and 
soinctmu s guns weie rov.01 ted to, though with great risk of injury 
to the bl 111 At the piesent time they tie usu illy hunted down 
with do^'* md forted to laic lefuge in trees, fiom whieh they 
aie shaken or knocked down into suitably disposed nets 
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species gives rise. As elsewhere briefly described (voL iii, p. 492), 
large numbers of the fur-seals repair to these islands during the 
summer for the purpose of bringing up their young. It is the 
young “ bachelor males, or “ holluschickie ”, that are not strong 
enough to secure establishments, which are slaughtered for the 
sake of their skins. These are carefully driven to inland “ killing 
grounds , knocked on the head, and flayed as quickly as possible. 
Very full details of the industry are given by H. W. Elliot in his 
well-known book An Arche Province^ from which the following 
extract is taken — The common or popular notion in regard to 
seal-skins is, that they are worn by those animals just as they 
appear when offered for sale; that the fur-seal swims about, 
exposing the same soft coat 


with which our ladies of 
fashion so delight to cover 
their tendi r f^rms during 
inclement winter. This is 
a very great mistake, few 
skins are less attractive 
than a seal-skin is when it 
is taken from the creature. 

The fur is not visible, it f., -No«hen, Fur s..u 

is concealed entirely by a 

coat of stiff over-hair, dull, gray-brown, and grizzled. It takes 
three of them to make a lady’s sack and boa; and in order 


that a reason for their costliness may br apparent, I take great 


pleasure in submitting a description of the tedious and skilful 
labour necessary to their dressing by the furriers ere they are 
fit for use. A leading manufacturer writing to me says: ‘When 
the skins are received by us in the salt, we wash off the salt, 
placing them upon a beam somewhat like a tanner’s beam, 
removing the fat from the flesh side with a beaming-knife, care 
being required that no cuts or uneven places are made in the 
pelt. The skins are next washed in water and placed upon the 
beam with the fur up, and the grease and water removed by the 
knife. The skins are then dried by moderate heat, being tacked 
out on frames to keep them smooth. A/<^'r being fully dried, they 
are soaked in water and thoroughly cleansed with soap and water. 
In some cases they can be unhaired without this drying process 
and cleansed l^fore drying. After the cleansing process they pass 
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to the picker, who dries the fur by stove-heat, the pelt being kept 
moist When the fur is dry he places the skin on a beam, and 
while it is warm he removes the main coat of hair with a dull 
shoe-knife, grasping the hair with his thumb and knife, the thumb 
being protected by a rubber cob. The hair must be pulled out 
not broken. After a portion is removed the skin must be again 
warmed at the stove, the pelt being kept moist. When the outer 
hairs have been mostly removed, he uses a beaming-knife to work 
out the fine hairs (which are shorter), and the remaining coarser 
hairs. It will be seen that great care must be used, as the skin is 
in that soft state that too much pressure of the knife would take 
the fur also; indeed, bare spots are made. Carelessly-cured skins 
are sometimes worthless on this account The skins are next 
dried, afterwards dampened on the pelt side, and shaved -to a fine, 
even surface. They are then stretched, worked, and dnerf, after- 
wards softened in a fulling-mill, or by treading them with the bare 
feet in a hogshead, one head being removed and the cask placed 
nearly upright, into which the workman gets with a few skins and 
some fine hardwood saw-dust, to absorb the grease while he dances 
upon them to break them into leather. If the skins have been 
shaved thin, as required when finished, any defective spots or 
holes must now be mended, the skin smoothed and past^ with 
paper on the pelt side, or two pasted together to protect the pelt 
in drying. The usual process in the United States is to leave the 
pelt sufficiently thick to protect them without pasting. In dyeing, 
the liquid dye is put on with a brush, carefully covering the points 
of the standing fur. After lying folded, with the points touching 
each other, for some time, the skins are hung up and dried. The 
dry dye is then removed, and so on, until the required shade is 
obtained. One or two of these coats of dye are put on much 
heavier and pressed down to the roots of the fur, making what is 
called the ground. From eight to twelve coats are required to 
produce a good colour. The skins are then washed clean, the fur 
dried, the pelt moist They are shaved down to the required 
thickness, dried, working them some time while drying, then 
softened in a hogshead, and sometimes run in a revolving cylincler 
with fine saw-dust to clean them. The English process does not 
have the washing after dyeing.*” 

Fur-Seals are also hunted in the open sea, at times when the 
herds are migrating. The United States endeavoured to put aa 
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The Beaver [Castor ). — The American Beaver [Castor Cana- 
densis) is largely trapped in Canada for the sake of its fur, which 
is greatly esteemed, though no longer used in the manufacture of 
top-hats, silk having proved both cheaper and better for the pur- 
pose. The animal has been slaughtered in so wholesale a manner 
that beaver-fur is becoming increasingly rare and expensive. 

The European Beaver (C. /iber)^ once abundant, is now too 
scarce to be of economic value. Regarding the value attached to 
the skins of those which existed in Wales down to 1 188, Beddard 
(in The Cambridge Natural History), after stating that the species 
was extinct in England before the historic period, remarks: “ . . . 
they were rare in the Principality for a hundred years or so before 
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the Nonnan Conquest. The king Hywel Dda, who died in 948 
A.D., fixed the price of a Beaver skin at 120 pence, the skins of 
Stag, Wolf, and Fox being worth only 8 pence apiece.” 

The Musquash {Fiber zibet hicus, fig. 1223). — This is a large 
North American vole, which is of considerable importance to the 
Canadian fur-trade, chiefly, it would seem, because it is made into 
imitation seal-skin. 

The Chinchilla [Chinchilla lanigerci), — The cold climate to 
which the soft gray fur of this pretty little rodent is an adaptation, 
is here a result not of latitude but of altitude. Chinchillas live 
in the high Andes of Peru and Bolivia, and are something like 
squirrels in appearance, except that the tail is far less bushy (see 
vol. i. p. 134). 

The Common Squirrel [Sciunis vulgaris). — This species has 
a remarkably wide distribution, ranging from Ireland to Japan, 
and also being native to North Africa. It is the chief source of 
“squirrel” fur, which is of grey or drab colour, quite unlike the 
reddish-brown of our ordinary native specimens. The skins of 
commerce are, in fact, taken from individuals inhabiting the colder 
parts of Russia, the grey hue being, as in many other cases, an 
adaptation to the severe climate of winter. 

The Rabbit [Lepus cuniculus). — Among the cheaper kinds of 
fur that of the rabbit is best known, and by means of dyeing and 
other processes it is worked -up into passable imitations of more 
costly pelts. 

SKINS AND DOWN OF WILD BIRDS (Aves) 

Deferring for the present the question of the wild birds 
which are subjected to wholeside butchery on account of their 
beautiful plumage, mention may here be made of Grebes and 
Eider-Ducks. 

Grebes (species of Podicipcs). — These widely - distributed 
aquatic birds are distinguished by the density and beautiful 
silver-white colour of the plumage on the under side of the 
body. Muffs and other articles made of “grebe” are manu- 
factured from the skin of this region, with the feathers attached 
as in nature. 

Eider-Ducks [Somateria, fig. 1224). — Two species of these 
essentially Arctic birds are of commercial importance on account 
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01 the valuable down developed on the nest as a climatal adap- 
tation The Common Fider {Soinattria mo/ltssit?ta)y which has 
a wide rinc^e, and is included in the British avifauna, is carefully 
preserved in Iceland and Norway In Labrador and Greenland 
It IS replaced by an allied species [S J)fcssen) 

I he Scandinavian eider industry is based on the fact that 
the female bird lines and coveis her nest with down plucked 
iron! her own breast (see p 60) I he breedin<]^-places are on low 
trround near the coast or upon rocky islets, and each “ eder- 
told {i i eider fold) is worked for proht by a special proprietor 
Both and down are collected at regular intervals during the 
nesting season, but the amount obtainable from a particular nest 
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IS, of course limited, and care is taken to allov the despoiled 
mother birds to hatch out some at least of the final batch of eggs. 
The last lot of down is collected when the nesis have been 
deserted for the season About three quarters of the Danish 
supply IS dt rived from Greenland Newton (in A Dictionary 
of Buds) thus disposes of two popular errors regarding these 
birds The storv of the drakes furnishing down after the 
ducks supply IS exhausted is a fiction He never goes near the 
nest tqually fictitious is the often repeated statement that 

cider down is white Mouse colour would perhaps best describe 
Its hue 
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It has been considered desirable in this book to deal with 
domesticated animals in a special section, but the plan (like 
any other) has certain disadvantages, especially when treating of 
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economic products. Leather, horn, fat, &c &c., are, of course, 
derived from both tame and wild animals, and this must be kept in 
mind here. The importance of leather and horn will be realized 
by reading the following extracts from Simmonds (in Animal 
Products ) : — “ The leather manufacture is one of our most an- 
cient and important industries. . . . The old adage that there 
is nothing like leather is certainly verified in the multifarious 
uses to which leather has been or is now put We make 
coverings of it in articles of personal use, for a man may be 
clothed in leather garments from the head to the foot In 
saddlery and harness its use is universal, and nothing can sup- 
plant it for durability. In articles for household or domestic 
use, we have leather hangings and coverings for furniture; 
buckets and bottles, cups and hose. . . . For travelling we have 
portmanteaus, valises, and hand-bags, pocket-books, purses, and 
cigar-cases. . . . We write on leather, and we cover our books 
with it, and it has even been used by photographers to take 
likenesses on. It is the packing and baling material in many 
countries from its cheapness and durability. Hammocks, boats, 
and even cannon have been made of it, whilst the leather apron is 
the most durable and serviceable protection for many an art^n. 
Leather shields were and are still in use in many countries. It 
serves for the grip-handle of swords, and for the sheaths of 
knives. We use leather in balls for cricket and football, and we 
cover musical instruments with it, as well as telescopes and many 
philosophical instruments, for protection. It is the most ancient, 
useful, and generally applied animal substance for an infinite 
variety of purposes. And, moreover, leather can be made of 
the skin or hide of almost every quadruped, and of many fishes, 
serpents, and reptiles. Human skin has even been tanned, but 
it is too thin for any serviceable use.” In the following remarks 
about horn it will be remembered that the antlers of deer are 
of bony nature: — “The rights and privileges of the ‘horn- 
workers ’ and ‘ horn-pressers ' in former times occupied the pro- 
minent attention of the Legislature. But there is no fear in the 
present day ‘ of the trade being ruined, and the business lost to 
the nation’, as was the cry when the statutes 6 Edward IV, 
c. I, and 7 James I, c. 14 were passed, forbidding the .sale of 
horns to foreigners, and prohibiting the export of our wrought 
horns. The invention of horn lanterns has been by some ascribed 



WILD ANIMALS YIELDING LEATHER, HORN, ETC 


3 “ 


to King Alfred, who is said to have first used them to preserve 
his candle time- measurers from the wind. ... A lantern [was 
formerly] an indispensable family article; there was no going into 
the yard or out of the door on dark nights without one. A 
piece of horn was sometimes placed over the title of mediaeval 
MSS. to preserve the letters from injury, while the transparent 
material allowed them to be read. The child’s horn- book of 
later times had its leaves of alphabet and spelling covered en- 
tirely with thin sheets of this material. Although the principad 
manufacturing applications of horn are for combs, umbrella- tops, 
and knife-handles, yet there are other uses as extensive and 
varied as the descriptions of horn which come into the market, 
or bristle on the head of the animals characterized by these 
frontal appendages. Ox, buffalo, and deer horns are those 
mostly worked up, but the horns of the rhinoceros, ram, goat, 
and some other animals are also employed to a limited extent 
for different purposes. . . . While many of the former uses ol 
horns for glazing purposes, for drinking -cups, for hom-books, 
and for the bugle of the bold forester have passed away, other 
and more elegant and varied applications have been found for this 
plastic and durable substance. Extensive as is the present use 
of horns, we believe that many further manufacturing purposes 
may be found for them, and that they will become even still 
more important in a commercial point of view. They receive 
a great variety of applications at the present day, owing to 
their toughness and elasticity, as well as their remarkable pro- 
perty of softening under heat, of welding, and of being moulded 
into various forms under pressure.” It may be added that for 
many purposes both leather and horn are now replaced by cheap 
substitutes. 

As most of the horns used on a large scale for manufacturing 
purposes are those of oxen, it will suffice to devote the rest of 
this sub -section to the consideration of certain wild animals 
captured chiefly for the sake of the leather and fat which they 
yield. 

The Walrus (Trichechus rosmaru^^) — This huge aquatic 
carnivore, which may attain the weight of 3300 lbs., is a purely 
Arctic form, and once abounded in the Behring Sea, the Gulf of 
Sl Lawrence, and on the coasts of Newfoundland and Labrador. 
Like so many other wild animals, however, it has been so much 
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hunted down that the walrus industry is a declining one. Rifle, 
lance, and harpoon are all employed in its destruction. The 
economic products are skin, fat, and ivory. The skin is very 
thick and tough, but tanning reduces its value. It is employed 
for some of the coarser purposes to which leather is put, and 
in former times was largely used in North Europe for making 
ropes and cables, to which end strips of it were plaited together. 
The fat or blubber, though of good quality, is yielded in relatively 
small quantities. The ivory making up the large tusks is inferior 
to that of the elephant. 

Seals (PHOCiOiE). — These are often confounded with the Fur- 
Seals (Otaridae) and their allies, from which, however, they are 
distinguished by their more complete adaptation to an aquatic 
life, as seen more particularly in the complete absence of an 
external ear, and the backwardly-directed hind-flippers, which 
are bound together by a fold of skin (see vol. iii, p. 78). 

Seals are hunted for the sake of their blubber, which makes 
excellent oil for lighting and lubricating purposes, and also on 
account of the value of their skins, which are dressed as one of 
the coarser furs; while they yield leather that, especially when 
enamelled, finds increasing favour. The animals are'^killed by 
clubs, harpoons, or rifles, according to circumstances. far the 
most important species for the sealing industry is the Harp or 
Greenland Seal (Pkoca droenlandtca, fig. 1225), the former name 
of which has reference to the presence of a curved black mark 
on the back of the male. Next to this species in importance, 
and like it native to the Arctic Ocean, is the curious Hooded or 
Bladder- Nosed Seal (Cystophora cristata), so named from a dilat- 
able swelling on the nose of the male. The most noted sealing 
centres are the coasts of, and the parts of the sea adjacent to 
West Greenland, Newfoundland, Jan Mayen Island, and North 
Russia (including the White Sea and the vicinity of Nova 
Zembla). From the British stand -point it is most interesting 
to notice that sealing is one of the chief industries of Newfound- 
land, its products in 1902 reaching the value of The 

young are bom on ice-floes, the “ whelping ice off the coast of 
Labr^or, during January and February, and do not take to the 
water for about three months. The cold Labrador current, which 
sets southward along the American coast, brings the “whelping 
ice" to the latitude of Newfoundland by about mid- March, 
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and the well-equipped steam-sealers of St John’s begin their 
annual sealing-trip at the commencement of that month, timing 
their journey to reach the floes before the “ whelps ” are old 
enough to leave the ice. 

Lake Baikal and the Caspian Sea were once connected with 
the Arctic Ocean, one proof of which is found in the fact that 
each is inhabited by a special kind of seal {PAoca Sibtrua and 
P, Caspica), both of which are largely captured by means of 



strong wide-meshed nets, worked on the same principle as the 
“ drift-nets ’* used for catching herring and mackerel The Cas- 
pian sealers let down their nets from boats, those of Lake Baikal 
take advantage of the holes in the ice, to which the seals come up 
in order to breathe. 

The Dugong (Halicore dugong) — This member of the 
order of Sea-Cows (Sirenia), which ranges from Ceylon to 
East Australia, is, when adult, about the size of an ox, and is 
captured for the sake of its flesh, fat, and hide. Its pursuit is 
one of the Queensland industries, and harpooning is the method 
adopted. Serton (in In the Australian Bush) says of it — 
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‘‘The whites capture dugong principally for their fat, which is 
said to possess therapeutic qualities. It is considered an ex- 
cellent remedy for consumption, but, happily for the dugongs, 
this seems to be a mere superstition. I have not tasted their 
meat myself, though some whites are very fond of it, and com- 
pare it to veal. Others, however, describe its taste as disagree- 
able and insipid. The aborigines of Torres Straits consider it a 
great delicacy." The hide is thick and tough, rendering it suitable 
for machine-straps. 

Whales, &c (Cetacea). — Whales and their kind have been 
systematically hunted down from very remote times, chiefly for 

the sake of their fat or blubber, but 
some species also for their baleen or 
“ whale -bone”, and others on account 
of the value of their skins. As else- 
where stated (p. 209), the flesh of ceta- 
ceans is regarded as a great luxury by 
the Esquimaux and many other primi- 
tive peoples. A distinction is drawn 
between the Toothed Whales and the 
Toothless Whales, in which transverse 
plates of baleen, with fringed edges, 
hang down from the roof of the** mouth 
(fig. 1226), serving as a sort of strainer 
by which water is removed from the 
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plankton used as food. 

Toothless Whales {Mystacoceti ), — The most important member 
of this group is the Greenland or Northern “Right” Whale 
{Bal^ena mysiiceius), a purely Arctic species. The British 
whaling industry, of which the chief ports engaged are Peter- 
head and Dundee, is chiefly concerned with the capture of this 
animal, but unfortunately has greatly declined of late years. To 
Newfoundland the pursuit of whales is a matter of much greater 
relative importance. 

The old method of capture was from open boats, by means 
of harpoons thrown by hand, lances being afterwards used to 
despatch the wounded animals. The harpoon -gun afforded an 
improvement upon this, while a modern steam-whaler can dis- 
pense with the use of open boats, and discharge harpoons (some- 
times loaded with explosives) from a platform in the l^ws. 
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Adult Greenland whales now attain a length of 50 or 60 feet, 
but much larger specimens were often captured in the palmy 
days of the whaling industry. The average product from a 
single animal is said to be about 15 tons of oil and 15 cwts. of 
whalebone. The former, like that of seals, is valuable as a lubri- 
cant and for other technical purposes, but the discovery of 
petroleum has greatly lessened the value of this and other animal 
fats as a source of artificial heat and light Whalebone is be- 
coming increasingly expensive in proportion to the diminishing 
supplies, and is still in great demand for a number of purposes, 
owing to its toughness, durability, and elasticity. It is now largely 
replaced by steel, as, e.g,, for umbrella-frames and corsets. 

The Southern “ Right ” Whale (A australis), which closely 
resembles the Greenland form, though its baleen is not of such 
good quality, has a very wide area of distribution, but is absent 
from the Arctic Ocean. The chief interest attaching to it is 
that at one time it was common in the Bay of Biscay, where it 
formed the object of an important industry, especially to the 
Basques of North Spain. Some points relating to this are thus 
summarized by Beddard (in The Cambridge Natural History )*, — 
“ Among the small towns which fringe the bay it is very common 
to find the whale incorporated in the armorial bearings. * Over 
the portal of the first old house in the steep street of Guetaria’, 
writes Sir Clements Markham (jP, Z. S., 1881), ‘there is a shield 
of arms consisting of whales amid waves of the sea. At Motrico 
the town arms consist of a whale in the sea harpooned, and with 
a boat with men holding the line.* Plenty of other such ex- 
amf)les testify to the prevalence of the whaling industry on these 
adjoining coasts of Spain and France. It appears that though 
the fishery began much earlier — even in the ninth century — the 
first actual document relating to it dates from the year 1150. It 
is in the shape of privileges granted by Sancho the Wise to the 
city of San Sebastian. The trade was still very flourishing in the 
sixteenth century. Rondeletius the naturalist described Bayonne 
as the centre of the trade, and tells us that the flesh, especially 
of the tongue, was exposed for sale as food in the markets. 
M. Fischer {Actes Linn. Soc. Bo 7 'deaux, 1S81), who, as well as 
Sir Clements Markham, has given an important account of the 
whaling industry on the Basque shores, quotes an account of 
the methods pursued in the sixteenth century. It was at Biarritz 
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— or as Ambroise Pare, from whom Fischer quotes, spelt it, 
Biaris — that the main fisheries were undertaken. . . . The in- 
habitants set upon a hill a tower from which they could see ‘the 
balaines which pass, and perceiving them coming partly by the 
loud noise they make, and partly by the water which they throw 
out by a conduit which they possess in the middle of the fore- 
head.’ Several boats then set out in pursuit, some of which were 
reserved for men whose sole duty it was to pi( k out of the water 
their comrades who had overbalanced themselves in their ex- 
citement. The harpoons bore a mark by which their respective 
owners could recognize them, and the carcass of the animal was 
shared in acrordance with the numbers and owmers of the har- 
poons found sticking in the dead body ot the whale. Ar this 
period the fishery was at its height, but it continued to be an 
occupation along those shores until the beginniiig of the eigh 
teenth century, after which it gradually declined. 1 he fishe ry 
of whales began to be carried farther afield than the .shoie, and 
for a long time the Basques furnished expert harpooners to 
whaling vessels proceeding to the Arctic se is 

Toothed IVAa/es {Odoyxto^cti ). — The largest of rhi^se is the 
Cachalot or Sperm Whale {/ 7 iy:^eter macroctphu/u^, fig. 1227), 
which has been credited with reaching a length ot o\ct 80 feet, 
though this is probably an exaggeration. It ranges throughout 
the warmer seas of the world. The great head poss(‘sses a 
squarish snout that projects in front of the mouth, which is 
consequently placed on the under side of the Ixxly, obliging the 
Cachalot, it is said, to turn over like a shark when it wishes to 
bite. Many stories are current regarding the fierceness of this 
animal, and no doubt many whale-boats have been crushed in its 
formidable jaws, but that whaling and other vessels have at 
times been reported “ missing " as a result of the attacks of 
Cachalots, as has been suggested, would afipear to be more 
pfoblematical. Like other cetaceans, this whale has a thick coat 
of blubber under the skin, and the front part of the skull is 
modified into a curious basin-shaped receptacle, which is full of 
the liquid fat known as spermaceti. As much as forty-five barrels 
of this have been taken from a single individual. Mixed with a 
small percentage of bees’-wax it was formerly much used in 
manufacturing candles of the better sort. 

The White Whale or Beluga {Delphinapterus leucas) is an 
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Arctic species related to the Dolphins and Porpoises. The 
average length of adults is about 10 feet, but this may be con- 
siderably exceeded. It is chiefly hunted on the north of Russia 
and noi^-east of Canada, and is one of those cetaceans which 
ascend rivers. The blubber is of good quality, and the skin is 
made into the porpoise leather" of commerce, which is of con- 
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siderable value for the manutacture of shooting -boots and some 
other articles. 

Reptiles (Reptilia). — It need only be said here that orna- 
mental leather is made from the skins of Crocodiles and various 
Lizards, while “tortoise-shell” is obtained from certain Turdes. 
Of the last something will be said in a succeeding section. 

Fishes (Pisces). — The skins of various members of this group 
are of economic value. Those of certain sharks and dog-fishes, for 
instance, are the source of “shagreen”, used to some extent as 
ornamental leather, but chiefly for polishing wood. Their value 
for the latter purpose depends upon the fact that they are full of 
little hard-pointed scales, covert with enamel. The skins of 
some of the ordinary bony fishes (Teleostei) are employed for 
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clarifying beer, while in Eastern countries, such as India and 
China, they are converted into fish-glue, which is a very powerful 
adhesive. 

Other fishes serve as a source of oil for technical purposes, as, 
the Menhaden or Pogy {Clupea menhaden), a member of the 
herring family. This species is largely captured on the eastern 
coasts of the U nited States for this particular purpose. The livers 
of sharks and dog-fishes are also of considerable value as a source 
of oil. 

Insects (Inslcta). — One would scarcely expect this group to 
be included under the present heading, but it appears that in 
Algeria locusts are utilized in the preparation of a kind of oil. 

MEDICINAL AND MISCELLANEOUS ECONOMIC PRODUCTS 

Animals and Animal Products as Medicinal Agents. — In 
former days large use was made of animals in medicine, the pre- 
scriptions being usually fanciful and often revolting. To consider 
these ancient practices at length would be here superfluous, and 
the subject will be sufficiently illustrated by the following 
quotation from Hulme*s Natural History Lore and Legend, a 
book in which much curious matter is brought together:— “ Cogan 
in his Haven of Health declares ‘ thus much will I say as to the 
commendation of the hare, and of the defense of hunters* toyle, 
that no beast, be it never so great, is profitable to so many and so 
diverse uses in Physicke as the hare*, and he then proceeds to 
give numerous prescriptions in which it is the principal feature. 
‘ The knee-bone of an Hare taken out alive and worne abute the 
necke is excellent against Convulsion fitts*, we are told, and 
perhaps it may be so, but the point that more especially strikes 
us, and it impresses one over and over again in these mediaeval 
recipes, is the cold-blooded cruelty and indifference to animail 
suffering that is shown in so many of them. Fried mice were 
considered a specific in small-pox, but it was necessary that they 
should be fried alive, while for cataract a fox should be captured, 
his tongue cut out, and the animal released; the member thus 
barbarously procured was placed in a bag of red cloth and hung 
round the man’s neck. For erysipelas a favourite old remedy was 
to cut off one-half of the ear of a cat and let the blood drop on the 
part affected, while for fits one popular recipe was to take a mole 
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alive, cut the tip of his nose off, and let nine drops of the blood 
fall on to a drop of sugar: the swallowing of this was held to be a 
certain cure.” 

“ The shrew-mouse, one of the most inoffensive of creatures, 
was by our ancestors held to be of terribly poisonous nature. Its 
bite was thought to be most venomous, and even contact with it 
in any way was accounted extremely dangerous. Cattle and 
horses seized with any malady that appeared to cause any numb- 
ness of the legs were at once reputed shrew-struck. ‘It is a raven- 
ing beast,’ quoth Topsell, ‘feigning itself gentle and tame, but 
being touched it biteth deep and poysoneth deadly. It beareth 
a cruel minde, desiring to hunt anything, neither is there any 
creature that it loveth.’ On whatever limb it crept was ‘cruel 
anguish’, often ending in paralysis. These calumnies have pre- 
vailed in many countries and for many ages, the Romans being as 
firmly convinced of the deadly nature of the shrew-mouse as any 
British rustic of a century ago. . . . Happily there was a certain 
antidote against the evil wrought by this malevolent beast. A 
large ash-tree being chosen, a deep hole was made in its trunk, 
and after certain incantations were made a shrew-mouse was 
thrust alive into the opening, and the hole securely plugged. * A 
shrew-ash’, says Gilbert White in his Natural History of Selbome^ 

‘ is an ash whose twigs or branches, when gently applied to the 
limbs of cattle, will immediately relieve the pain which a beast 
suffers from the running of a shrew-mouse over the part affected. 
Against this accident, to which they were continually liable, our 
provident forefathers always kept a shrew-ash at hand, which 
when once medicated would maintain its virtue for ever.' One of 
these shrew-ashes, now but a fragment of what was evidently once 
a massive stately tree, may still be seen (1895) near the Sheen 
Gate in Richmond Park, and there are those still living who can 
remember cattle and horses being brought to it for its healing 
virtues.” 

“To cure a stye our forefathers had great faith in rubbing it 
with hairs from a cat’s tail, two essential points being that the cat 
should be a black one, and that the operai- »n should take place on 
the first night of the new moon ; but to cure warts the hairs must 
be taken from the tail of a tortoise-shell cat, and even then the 
remedy is only efficacious during the month of May.” 

“Toads were in great repute In sickness. ‘In time of com- 
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mon contagion/ writes Sir Kenelm Digby in 1660, *men used 
to carry about with them the powder of a toad, and sometimes a 
living toad or spider shut up in a box, which draws the contagious 
air which otherwise would infect the party’; and many other illus- 
trations of their employment as preventive or remedies might be^ 
given. The spider and the toad seem to have been each regarded 
as most venomous creatures, and in many of the old remedies one 
or other of them at will are recommended, either alternative being 
regarded as equally efficacious; thus for whooping-cough, if one 
cannot find a toad to thrust up the chimney, two spiders in a 
walnut-shell will serve equally well.” 

The physicians of former times were particularly fond of ad- 
ministering all sorts of animal extracts, some of them noisome 
enough, and it is somewhat curious that of recent times large use 
has been made of certain such extracts with beneficial result, 
though it need hardly be said that our modern methods of pre- 
paration are not on the old lines. Pepsin, for instance, a well- 
known aid to gastric digestion, is prepared from the lining of the 
pig’s stomach, while pancreatin, which facilitates intestinal diges- 
tion, is obtained from the pancreas of domestic animals. Disease 
of the thyroid “gland” in the throat leads to serious mal-nutrition, 
or even to cretinism, palliation if not cure of which "can be 
effected either by grafting a healthy piece of thyroid from an 
animal into the patient, or by administering thyroid extract. 
Several other preparations of the kind are also in use. Certain 
specific germ-diseases can also be prevented or combated by 
animal preparations, the most familiar instance being that of 
vaccination as a safeguard against small-pox. Diphtheria is now 
often cured by an extract (antitoxin) derived from horse’s blood. 
Different principles are involved in the uses of the extracts, &c,, 
mentioned, but details would here be out of place. 

Various kinds of animal fat are used in pharmacy in the pre- 
pai^tion of ointments, &c. They include mutton suet, hogs’ lard, 
spermaceti, and lanoline, the last being the natural grease of wool. 
Gelatine is employed for making “ gelatine lozenges ” and various 
jujubes, also as the adhesive medium for “court plaster”. It is 
obtained fnm bones, hides, horns, and hoofs by steaming. Isin- 
glass (see p. 278) is a superior kind of gelatine. 

It should not be forgotten that the careful study of the 
anatomy and physiology of lower animals has played a leading 
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Vanation is one of the fundamental phenomena upon uhirh the 
Evolution Theory is based No two individuals of the same 
species are ever precisely alike, a fact familiarly illustrated by 
the dissimilarity which often exists between children of the same 
parents It appears that all parts of the body are liable to varia- 
tion, which may be of very marked kind and is no doubt, at least 
in part, due to the action of surrounding^s A typical case, selected 
for this plate because it appeals to the eye, is that of the F i- ^d- 
Snail {Helix hop tensis\ of which some 90 races or varieties have 
been described In some of these the shell is “self coloured”, 
yell V Ol ^iiikish brown being- common tints In other cases there 
are in addition dark bands, the number of which is distinctive 
of the race, while the ground colour has also to be considered 
Enough varieties have been intioduced into the plate to illustrate 
the principle 
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pa^ in the evolution of modem medicine. Without skilled re- 
searches on such animals it would never have been possible for 
operative surgery to reach its present high pitch of perfection. 
The prevention and cure of disease, other than by surgical 
methods, have also benefited greatly in the past by such investi- 
gations, and seem likely to benefit to a much larger extent in 
the immediate future. 

Medicinal Value of Fish-Oil — It need only be said here that 
the preparation of cod-liver oil, of which the Cod-Fish {Gadm 
morrhud) is the recognized source, is a by no means unimportant 
industry. 

Medical Uses of Insects. — The Oil-Beetles {Meloid^ or Can- 
tharidee) are so called 
because they abound in 
an irritant sort of oil, 
which no doubt protects 
them to some extent 
from the attacks of insec- 
tivorous animals. Some 
of them are used to make 
preparations for blister- 
ing the skin, and of these 
“blister-beetles" the most 
notable are the “Spanish flies" {Cantkarides), belonging to South 
and Central Europe. For commercial purposes a bright-green 
species {Lytta vesicatoria, fig. 1228), collected in Hungary, is 
most important. Various officinal extracts and plasters are pre- 
pared from the dried bodies of these insects. 

Although Cochineal, another insect product (see p. 260), ap- 
pears to have no value as a drug, it is largely used to give liquid 
medicines an attractive appearance. 

Medicinal Use of Leeches {Discophora). — Two kinds of Leech 
are used for blood-letting, the commoner being the Medicinal 
Leech {Hirudo medicinalis), which is mostly collected in Spain, 
E' ranee, and Italy. The Green Leech {H. officinalis) of Hungary 
answers the same purpose. In these days the extent to which 
these creatures are employed is comparatively small, but in the 
Middle Ages, when blood-letting was esteemed a sovereign cure 
for every ailment, the physician took his name from this favourite 
remedy, and was familiarly known as a “ leech 



Fig. 1238 — Spanish Fly or Blister Beetle {Lytta vtatcatortm) 
a and b. Adults, c, ]»rvd 
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Miscellaneous Animal Products. — It will be convenient to 
consider here a few odds and ends, which are difficult to place 
under other headings. 

Miscellaneous Products of Molluscs (Mollusca ). — The internal 
shell of the Cuttle-fish (Sepia ojfficinalisy fig. 1229), under the 

name of “ cuttle -bone ”, is 
ground up to form an in- 
gredient of various tooth- 
powders, Before the inven- 
tion of blotting-paper it ^^as 
largely used (as also was fine 
sand) to sprinkle upon wet 
writing. It was known as 
“pounce”, and a “pounce- 
box ”, with a perforated top, 
was part of the regular equip- 
ment of an old-fasj;iioned ink- 
stand or standish. 

Cooke (in The Canthridge 
Fif cnttie-booc NatuTdl Historf) makes the 

following interesting remarks 
about the miscellaneous uses of shells: — “The employnl^nt of 
shells as a medium of exchange was exceetlingly common amongst 
uncivilized tribes in all parts of the world, and has by no means 
yet become obsolete. One of the commonest species thtis em- 
ployed is the ‘ money cowry ’ ( Cyprcea 
moneta, L., fig. 1230), which stands 
almost alone in being used ( ntire, 
while nearly all the other forms of 
shell money are made out of por- 
tions of shells, thus requiring a 
certain amount of labour in the pro- 
Fi* i*3«x-Money Cowry 'o/nMwWrt) ecss of formatiou. ... In British 

India about 4000 are said to have 
passed for a shilling, but the value appears to differ according to 
their condition, poor specimens being comparatively worthless. 
According to Reeve a gentleman residing at Cuttack is said to 
have paid for the erection of his bungalow entirely in cowries. 
The building cost him 4000 Rs. sicca (about ;^40o), and as 64 
cowries = i pice, and 64 pice = i rupee sicca, he paid over 
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i6,ooo»ooo cowries in all. Cowries are imported to England 
from India and other places for the purpose of exportation to 
West Africa, to be exchanged for native products. The trade, 
however, appears to be greatly on the decrease. At the port 
of Lagos, in 1870, 50,000 cwts. of cowries were imported. 
A banded form of Nenta pohia was used as money in certain 
parts of the South Pacific. The sandal -wood imported into 
the China market is largely obtained from the New Hebrides, 
being purchased of the natives in exchange for (hnilum angu- 
iosum, which they especially esteem as an ornament. Some- 
times, as in the Duke of York group, the use of shell money 
is specially restricted to certain 
kinds of purchase, being employed 
there only in the buying of swine. 

Among the tribes of the north-west 
coas^ts A.rtcrica, the common 
Dentalinm tndtanorum [a tusk- 
shell] used to form the standard 
of value, until it was superseded, 
under the auspices of the Hudson’s 
Bay Company, by blankets. A 
slave was valued at a fathom of 
from twenty-five to forty of these 
shells, strung lengthwise. Inferior 
or broken specimens were strung together in a similar way, but 
were less highly esteemed; they corresponded more to our silver 
and copper coins, while the strings of the best shells repre- 
sented gold The wampum (fig. 1231) of the eastern coast of 
North America differed from all these forms of shell money, in 
•that it required a laborious process for its manufacture. Wam- 
pum consisted of strings of cylindrical beads, each about a 
quarter of. an inch m length and half that breadth. The beads 
were of two colours, white and purple, the latter being the more 
valuable. Both were formed from the common clam {Venus 
nwreenarid), the valves of which are often stained with purple 
at the lower margins, while the rest of the shell is white. Cut 
small, ground down, and pierced, tht^e shells were converted 
into money, which appears to have been purrent along the whole 
seaboard of North America^ from Maine to Florida, and on the 
Gulf Coast as far as Central America, as well as among the 


;4 





Fig 1*31 —Indian Wampum Raduced 




3»4 


UTILITARIAN ZOOLOGY 


inland tribes east of the Mississippi. Another kind of wampum 
was made from the shells of Busycon carica and B, perversum. 
By staining the wampum with various colours, and disposing 
these colours in belts in various forms of arrangement, the 
Indians were able to preserve records, send messages, and keep 
account of any kind of event, treaty, or transaction. Another 
common form of money in California was Olivella bipliccUa^ 
strung together by rubbing down the apex. Button-shaped discs 
cut from ^axidomus arata and Pcuhydesma crassatellouies, as well 
as oblong pieces of Haliotis, were employed for the same purpose, 
when strung together in lengths of several yards.” 

Shells are put to various uses in the islands of the Pacific, 
g,g,^ the making of fish-hooks, spoons, knives, and axe-heads. 
The ingenious Chinese convert the thin translucent shell of a 
flat bivalve {P/acuna placenta) into window-panes, grind up 
cockle-shells for lime, or, by mixing the powder with oil, make a 
sort of putty. 

Speaking of the West of Scotland, Anderson Smith (in 
Benderloch) thus describes an old-time practice: — “There is a 
curious old custom that used formerly to be in use in this 
locality, and no doubt was generally employed along the sea- 
board, as the most simple and ready means of arrangement of 
bargains by a non-writing population. That was, when a bar- 
gain was made, each party to the transaction got one half of 
a bivalve shell — such as a mussel, cockle, or oyster — and when 
the bargain was implemented, the half that fitted exactly was 
delivered up as a receipt. Thus a man who had a box full of 
unfitted shells might be either a creditor or a debtor; but the 
box filled with fitted shells represented receipted accounts. Those 
who know the difficulty of fitting the valves of some classes of 
bivalves will readily acknowledge the value of this arrangement.” 

Sponges [Portfera), — The horny skeletons of certain sponges 
have been used for toilet and other purposes since the times of 
the ancient Greeks. The best kind of Bath Sponge {Euspongia 
officinalis), known to commerce as “Turkey Sponge”, comes 
from the Mediterranean and Red Sea, as well as the less 
esteemed Zimocca Sponge {Euspongia zimocca) and Horse Sponge 
{Hippopongia equina). Other kinds, both fine and coarse, are 
imported from the Bahamas, and sponges of commercial value 
arc to be found off Australia and some of the South Sea Islands. 
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Three methods of sponge-fishing are practised in the Medi- 
terranean, according to the depth of water. Where this is ver) 
shallow a five-pronged fork is employed, beyond the range oi 
which (up to about 30 fathoms) diving is resorted to, while speci- 
mens growing in comparatively deep water (up to 200 fathoms) 
are dredged. The yield of the Italian sponge-fisheries for 1902 
was worth ^24,720. 

WILD ANIMALS BENEFICIAL TO MAN ON ACCOUNT OF 

THEIR HABITS 

From the economic stand-point many wild forms are of very 
considerable benefit to man, because they prey upon other crea- 
tures which are injurious to himself, his stock, and his crops. 
To some such animals we should extend the “protection” which 
they deserve at our hands, while for others equally beneficial 
certain insects) we can do nothing in that direction. And 
it should be remembered that without very full knowledge it is 
very risky either to mercilessly persecute native forms, or to intro- 
duce species from other countries. The result of the ruthless 
slaughter of bats in a particular locality has been elsewhere men- 
tioned (see vol. ii, p. 346), while the introduction of rabbits into 
Australia has led to unexpected and undesirable consequences. 

Certain other wild species deserve the name of “ beneficials ” 
because they promote the health of mankind, or unconsciously 
assist in the work of agriculture, &c. 

It will sufficiently serve the purposes of this work if the 
general nature of our indebtedness to certain groups of animals 
is indicated in a few paragraphs. P'or this and the other aspects 
of applied natural history readers who may be interested are 
specially recommended to consult Theobald s Frrsi Report on 
Eco7io7nic Zoology (1902), one of the publications issued under 
the auspices of the British Museum (Natural History). This 
is rendered particularly v^aluable by the Introduction (“A Classi- 
fication of Animals from the f)oint of view of Economic Zoology ”) 
written by Ray Lankcster. The word “ beneficials is applied by 
him in a somewhat narrower sense than it here. 

Beni-kiiial Mammals (Mammalia). — The destructivenes*' 01 
Foxes, Weasels, Stoats, and the like, is so obvious, that the idea 
of their being “ beneficials ” w'ould be scouted by many, though 

Vo, IV 
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they probably do rtiore good than harm. The Fox, for instance, 
in spite of his ravages on poultry, destroys large numbers of 
field-voles and field-mice, together with noxious insects, such as 
cockchafers. And, of the Weasel (fig. 1232), Ritzema Bos says 
(in Agricultural Zoology)'. — “The weasel does some damage in 

fowl-houses and dove- 



cots, and is also de- 
structive to game. 
This, however, does 
not outweigh its very 
great use, since it is 
above all an untiring 
vole - catcher. When 
in an) region the fic‘ld- 
voles have mulli[)lied 
excessively, an immi- 
gration of weasels 
takes place from sur- 
rounding parts. In 
years when there is 
a plague of vok^s the 
usual breed ir\g- lime in 
spring is followed by 
another later on. A 
very large number of 
weasels may be tound 
in a vole-in^'ccted dis- 
trict, and they thin 
out the mischievous 
rodents in a surprising 
manner. Nor are the 
weasels less useful in 
winter than in sum- 


mer. They even follow under the snow the voles which winter in 


the country, and the slaughter effected at this period must exert 
a great influence on the following season, when these animals re- 
commence their injurious work.” The feelings of poultry-keepers 
and game-keepers are readily intelligible, but without full know- 
ledge it is unwise to stigmatize as “ vermin ” apparently undesir- 
able animals. Foxes only escape the libel for sporting reasons. 
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The Insect-eating Mammals (Insectivora), such as Mole, 
Hedgehog, and Shrews^ destroy enormous ntimbers of noxious 
insects and insect-larvae, and are beneficials of the first rank. 
The mole is also of use in mixing and draining the soil. The 
vast majority of Bats (Chiroptera) feed on insects, and do much 
to keep down the numbers of the innumerable species which are 
injurious to stock and cultivated plants, as well as to forest-trees. 

In the hotter parts of the globe some Mammals do useful 
work as scavengers, e.g. 

Hyaenas (see vol. ii, p. 14). 

Rats and the like also act 

sanitary agents. 

Beneficial Birds 
(Aves). — By destroying 
field- voles, &c, and small 
birds of injurious char- 
acter, many of the smaller 
bird^ of prey, such as 
Kestrels, Buzzards, and 
Merlins, do much good, 
though it must be con- 
fessed that there is an- 
other side to the matter. 

Aflalo says of the Kestrel 
(in Natural History of 
the British IslesY — “Its 
food consists almost en- 
tirely of mice, so that its 
persecution is wanton folly”. Even should it prove requisite to 
classify any of our native species, unfortunately now existing in 
greatly diminished numbers, as “ vermin ”, they ought to be de- 
stroy^ in a merciful way. Some of the steel traps used for 
slaughtering these and other wild animals (such as rabbits) are 
a disgrace to civilization, and only fit for the days of rack and 
thumb-screw. 

Owls are more useful, but even more disliked than the diurnal 
birds of prey, partly as a result of the superstitions associated 
with them. Aflalo makes the following apposite remarks in this 
regard about the Bam Owl {Strix flammea, fig. 1233). — “ Its dis- 
appearance from neighbourhoods where it once was plentiful is 



Fig 1933 — Bam Owl (Stnxjlammta) and Nett 
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doubtless due to the short-sighted policy of persecution meted 
out to the unoffending bird by gamekeepers. As rats, shrmvs.. 
and voles are among its favourite articles of food, a few of these 
voracious birds on an estate should be worth a ton of poison. . . . 
The way in which gardener, farmer, and game-preserver unite 
in persecuting this owl has been mentioned, and it is to be 
doubted whether they would achieve a far different result; were 
they actually to breed and turn down rats and voles, of which 
this bird must annually destroy hundreds of bushels.” 

A great many birds render us invaluable service by destroying 
vast numbers of injurious insects and insect-larvae. The Cuckoo 
(Cuculus canorus\ for example, is a great protector of fruit- 
culture and forestry, for it greedily devours certain hairy kinds 
of caterpillar, which most other birds refuse to touch. Among 
other benefactors may be particularly mentioned — Swifts, Swal- 
lows, Martins, and Tit- Mice. In Germany various useful species 
are provided with suitable nesting-boxes and wintering -boxes, 
the size of the opening being adjusted to the particular kind 
of bird. 

The African Secretary Bird {Serpeniarius secretarius) is a 
notable destroyer of poisonous snakes, and is domesticated by 
the farmers of South Africa for the sake of its services in this 
direction. 

There are also scavenging birds, such as Vultures, which in 
hot countries discharge a most useful office. 

Beneficial Reptiles (Reptilia). — Lizards are certainly to be 
regarded as beneficials, for they feed largely upon injurious insects 
and the like. Many Snakes are also useful, and some of them 
render conspicuous service by preying upon small rodents. Some 
species may even be domesticated on this account, as, the 
Corn Snake {Coluber guttaius) in North America, and the Rat 
Snake {Zamenis mucosus) in India. 

Beneficial Amphibians (Amphibia). — All the members of 
the class are beneficial, inasmu^'b as they live upon insects, 
snails, slugs, and other destructive creature.s. Ritzema Bos 
states that . . . . “ in the research garden attached to the 
Rouen entomological laboratory the snails were entirely exter- 
minated in 1891, as a result of introducing a hundred toads and 
ninety frogs The Toad in particular is one of the most useful 
Animals that can be put into a garden, effectually protecting 
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strawberries from the ravages of slugs and performing other 
valuable offices of like nature. 

Beneficial Fishes (Pisces). — Much of the scavenging work 
in the sea and fresh water is efficiently discharged by members of 
this class. Among freshwater fishes Carp are particularly valuable 
in maintaining the purity of our drinking supply, keeping it free 
from insects, insect larvze, and decaying matter. They are not 
infrequently kept in reservoirs on this account. And since the 
larva; of such notorious pests as gnats, mosquitoes, and sand- 
midges are all aquatic, we are largely saved from annoyance and 
even from disease by the good offices of these and various other 
freshwater fishes. 

Bfneikial Insects (Insecfa). — There are quite a large 
number of insects which either vihen adult or in the larval state, 
or it may be throughout life, are the natural enemies of many 
notorious insect pests. Sufficient examples have already been 
given in vol. ii, chap, ix, vol. iii, pp. 391-393, and in pp. 194, 195 
of the present volume. 

Carrion is also largely destroyed by insect-larvse, such as the 
grubs of Burying- Beetles and the maggots of various Flies. Nor 
must we forget the large part which insects take in the fertilization 
of plants (see p. 83), including many which are of great import- 
ance to mankind. 

Bvnfiicial SrinrR-LiKF Animals ( Arachnid — Of the 
members of this group it need only be said that Spiders, in par- 
ticular, largely assist in keeping the numbers of insects within due 
limits. 

Beneficial Myriapods (Mvriapoda). — The numerous kinds of 
Centipede undoubtedly destroy large numbers of noxious ground- 
insects, and have therefore a claim to be included among beneficial 
animals. 

Beneficial Crustaceans (Crustace.\). — A large amount of 
scavenging work is carried on by the members of this class, and, 
so far as the sea is concerned. Crabs are particularly notable in 
this respect 

Beneficial Annelids (Annelida). — Earth-Worms render con- 
siderable service to agriculture (see vol. ii, p. 258) in more than 
one way. They reduce large quantities of soil to a finely-divided 
state, making it into a suitable seed-bed, bring earth to the surface 
as a sort of natural ‘‘ top-dressing ”, and it may be added that their 
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burrows in the ground help on the work of drainage and aeration. 
In short, the habits of these animals benefit the land in much die 
same way as the operations of ploughing, harrowing, and the like. 

Beneficial Parasitic Worms. — At first sight one is rather 
apt to imagine that the members of the several groups of these 
not altogether pleasing creatures do nothing but harm. This is 
not, however, strictly true, for many of them pay special atten- 
tion to noxious animals, and assist considerably in keeping down 
their numbers. 



CHAPTER LXX 

ANIMAL FOES— THE PERSONAL ENEMIES OF MAN 


Pfrsonal Enemies among Mammals (Mammalia). — We are 
not justified in calling the fiercer and larger Mammals or other 
animals our enemies, simply because they defend themselves >\hen 
attacked, and in most cases man will probably be found to have 
been the first aggressor. And even when that is not the case, at 
least when carnivorous forms are in question, casualties are usually 
the outcome of the Law of Hunger, or it may be parental solici- 
tude. 

Partly owing to its comparatively straightforward habits, the 
Lion [Felis leo), w'hen left alone, does not attack human beings 
to the extent that might be supposed, unless pressed by hunger. 
Speaking of North-East Africa, Sir Samuel Baker says (in Wild 
Beasts and their Ways ): — “In the locality w'hich I have men- 
tioned, the lions, although numerous, were never regarded as 
dangerous unless attacked; there was an abundance of game, 
therefore the carnivora were plentfully supplied, and a large area 
of country being entirely uninhabited, the lions were unaccus- 
tomed to the sight of human beings, and held them in respect. 
During the night we took the precaution to light extensive bon- 
fires within our camp, which was well protected by a circular fence 
of impenetrable thorns, but we were never threatened by wild 
animals except on one occasion.” 

Where the country is thickly populated it is only to be 
expected that individual animals may at times acquire bad habits, 
or, as Vogt puts it (in Mammalia ): — “Old experienced lions who 
know how little danger they are exposed to in breaking in upon 
the villages of the badly -armed negroes Will, it appears, hanker 
after human flesh 

The stealthy cat-like habits of the Tiger {Felix tigris, fig, 

1234) render it a good deal more dangerous to man than its 

881 
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nobler cousin. But even the “man-eaters”, which at one time 
undoubtedly accounted for a considerable number of the Indian 
natives, must have been but a small percentage of the tigers 
actually in existence. Of these once-dreaded marauders G. P. 
Sanderson gives the following graphic account (in Thirteen Years 
among the Wild Beasts of India ): — “This truly terrible scourge 
to the timid and unarmed inhabitants of an Indian village is now 
happily becoming very rare; man-eaters of a bad type are seldom 



rif n34-T|f«r(Mir«4rnfv) 


heard of, or, if heard of, rarely survive long. Before there were 
so many European sportsmen as there now are in the country, a 
man-eater frequently caused the temporary abandonment of whole 
tracts; and the sites of small hamlets abandoned by the terrified 
inhabitants, and which have never been reoccupied, are not 
uncommonly met with by the sportsman in the jungles. The 
terror ins^nred by a man-eater throughout the district ranged by 
him is extreme. The helpless people are defenceless against his 
attacks. Their occupations of cattle-grrazing or wood-cuttii^ take 
them into die jungles, where they feel that diey go with their fims 
in their Inmds. A nistfing leaf, or a squirrel or hifid mofvmg in 
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the undei^rowth, sets their hearts beating with a dread sense of 
danger. The only security they feel is in numbers. Though the 
bloodthirsty monster is perhaps reposing with the remains of his 
last victim miles away, the terror he inspires is always present to 
every one throughout his domain. The rapidity and uncertainty 
of a man-eater s movements form the chief elements of the dread 
he causes. His name is in every ones mouth; his daring, ferocity, 
and appalling appearance are represented with true Eastern exag- 
geration ; and until some European sportsman, perhaps after days 
or weeks of pursuit, lays him low, thousands live in fear day and 
night Bold man-eaters have been known to enter a village and 
carry off a victim from the first open hut Having lived in a 
tract so circumstanced until I shot the fiend that possessed it, and 
having myself felt something of the grim dread that had taken 
hold of the country-side, w^here ordinary rambling about the 
jungles, and even sitting outside the tent after dark except with 
a large moving from the encampment without an escort, 

were ims<ife, I could realize the feelings of relief and thankfulness 
so earnestly expressed by the poor ryots when 1 shot the Jezebel 
that had held sway over them so long. The man-eater is often 
an old tiger (more frequently a tigress), or an animal that, through 
having been wounded or otherwise hurt, has been unable to pro- 
cure its usual tood, and takes to this means of subsistence. ’ In a 
recent article (in The Sports of the ll or/ol) Lieutenant-general Sir 
Montagu G Gerard thus speaks on this subject' — “Man-eaters 
are very rare indeed, and . . . probably become so accidentally. 
The accepted belief that they are nece:>sarily mangy is a myth ; it 
may be the cause, not the effect. For whatever reason, they seem 
to acquire preternatural cunning, and natives believe that the soul 
of a man is imprisoned within them. I once spent a fortnight 
following one, who never during that time killed wdthin ten miles 
of her last victim. ... A former colonel of the C. I. Horse, the 
most celebrated tiger slayer of thirty years back, killed an excep- 
tionally mischievous one, which in a year had accounted for 
eighty-seven known victims. ... I have only killed four un- 
doubted ones, whose victims ranged from thirty-three to about a 
dozen apiece ; but I have known of several others, generally sulky 
males, who had killed cattle-herds v-r wood-cutters disturbing 
them.” 

Of other members of the Cat family (Felidae) large enough to 
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be dangerous to man, it need only be said that, since they are 
expert climbers, trees afford no refuge to human beings if they 
chance to be attacked. 

Bears (Ursidae), from their great strength and powerful claws, 
are dangerous antagonists when roused, but they can scarcely be 
considered the natural enemies of mankind, for most of them leave 
human beings alone unless provoked, or impelled by hunger. It 
may be gathered from accounts of Arctic expeditions, for example, 
that a hungry Polar Bear (Ursus maritimus) will not hesitate to 
attack men, and similarly for the Brown Bear of Europe {U. 
arctos\ and the North American variety of that species commonly 
known as the “Grizzly*’. It is rather curious that the Indian 
Sloth-Bear (£/. labiatus), which chiefly lives on fruit, honey, and 
insects, is somewhat given to turning upon our species, though, 
obviously, not as the result of hunger. At least Sir Samuel Baker 
says (in Wild Beasts and their Ways): — “This species is very 
active, and although it refuses flesh, it is one of the most mis- 
chievous of its kind, as it will frequently attack man without the 
slightest reason, but from sheer pugnacity”. And under these 
circumstances the long - curved claws are capable of inflicting 
“terrible wounds upon a human being”. 

Wolves, when pressed by hunger, are destructive to human 
life in several countries, their habit of hunting in large packs 
greatly aggravating the danger, as everyone is aware. The 
annual casualties due to wolves in parts of the Russian Empire 
are by no means inconsiderable. 

Even without special provocation some of the larger wild 
Mammals of purely herbivorous habit may injure or kill human 
beings, as in the case of Hippopotami, Buffaloes, Rhinoceroses, 
and Elephants. All have heard, for example, of “rogue” Ele- 
phants, ill-natured males which have been expelled from their 
herds for general misbehaviour. But details are here unnecessary. 
Some of the smaller forms, such as Wild Boars, are also danger- 
ous, and the Peccaries i^Dicotyles), which range from South America 
to Mexico and Texas, are even more so. A. G. Requa recountife 
the following amusing adventure (in The Big Game of North 
America) with a herd of White-lipped Peccaries \D. IcMatus), which 
sufficiently illustrates their ferocity : — “ I had not sat there more 
than five minutes before I heard the sharp noise of the Peccariea 
They came in sight not more than twenty yards below me. There 
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were not more than a dozen that I could see, and there were 
plenty of small pines near by; so I thought that I would just kill 
the whole herd, provided they showed fight. As they came into 
the open ground they seemed to wind me, as they began to snuff 
and paw. I fired at one, and, just as J intended, only crippled 
him. He set up a great squealing, and, sure enough, here they 
came! I was just a little excited, and started for a tree, forgetting 
my coat and turkey. I had scarcely time to get up when they 
were around the tree, and instead of twelve, they kept coming till 
there were at least two hundred. I commenced shooting, and 
killed five with my rifle, that being the number of shells in my 
gun. It then occurred to me that my rifle-shells were in my coat; 
so, having no further use for my rifle, and realizing that it would 
become a burden to me if compelled to stay in the tree several 
hours, as seemed likely, I threw it down. Fortunately I had both 
revolvers, and a belt full of cartridges for them; so I went at them. 
They were ckcwing the tree, and climbing over each other trying 
to get at me. Each shot laid one out, and each shot seemed ^o 
make them more and more furious, as they would rush at the 
tree, and gnaw the bark and wood, while the white flakes of 
froth fell from their mouths. I tried to count them, and found 
that there were over two hundred left, and 1 had killed twenty- 
three. The position I had was not a comfortable one, but I had 
to stand it. Then for the first time I thought of the boys. Had 
they heard my shooting? if so, would they come? Then I 
remembered I had not fired the signal agreed on, and that I had 
followed the turkeys up the mountain and down again, and by this 
time the boys must be four miles up the cafton and on the opposite 
side. The Peccaries showed no signs of leaving. It was now 
noon, and very warm. They would root around, then come back 
to the tree, and grunt, and paw, and bite the tree ; then they would 
cool down a little, would go a short distance away, root around 
awhile, then come back again. I was getting tired of being treed, 
but it was just what we had planned the night before, only we 
were not all together. If the boys could only hear my firing, and 
come over, how quick we would wipe them out! Such thoughts 
ran through my head; but still the pigs stayed. One o’clock 
came, then two; still they stayed. Then I thought I would fire a 
signal with my revolver — maybe the boys were hunting for me; 
80 I made a noise, and back to the tree they came. 1 killed three 
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of them in about a second; then 1 waited Three o'clock came, 
then four, and no sign of the boys. Some of the pigs would feed 
while the others stood guard; then they would chan^ off. I was 
so tired I could scarcely stay in the tree; so I took my belt off and 
buckled myself fast to the trunk, so that I would not fall out 
Seven o'clock! I could see no change; they still camped near me, 
showing no signs of weakening. Then the sun went behind the 
mountain; darkness came on, and I was thirsty, hungry, and tired; 
but, worse than all, I was a prisoner. Twelve o'clock! The 
moon shone brightly, and I could see my sentinels scattered 
around Two o'clock! Then came a signal from some of the 
outside ones; the rest snuffed the air, then away they all went 1 
could hear them far below, going down the mountain. . . . Here- 
after, anyone who wants to hunt Peccaries can hunt them, and be 
blanked; but I prefer some kind of game that is not so fond of 
human flesh as they are." Without the friendly tree the adventure 
might have ended differently, for the same writer tells us of these 
animals that — If one of their number is wounded so that it 
squeals, the whole herd becomes ferocious, will charge their 
enemy on sight, and speedily destroy him, unless he escapes by 
climbing a tree or by flight". 

The blood-SL eking Bats have been spoken about elsewhere 
(see vol. ii, p. 30). 

Personal Enemies among Reptiles (Reptilia). — The larger 
Crocodiles and Alligators are particularly destructive to human 
life, though their sphere of operations is obviously much limited 
by their aquatic habits. Speaking of Ega on the Upper Amazons, 
Bates says (in The Naturalist on the Amazons ) : — ** Alligators were 
rather troublesome in the dry season. During these months there 
was almost always one or two lying in wait n^r the bathing-place 
for anything that might turn up at the edge of the water — dog, 
sheep, pig, child, or drunken Indian.” With reference to Crocodiles 
in Ma^gascar, Sibree remarks (in The Great African Island): 
— They are regarded with a superstitious dread by many of the 
Malagasy tribes, and are so dangerous in some parts of the island 
that at every village on the banks of the rivers a space is carefully 
fenced off with strong stakes, so that the women and girls can draw 
water without the risk of being seized by the jaws or swept off by 
the tail of these disgusting-looking creatures”. Tales about the 
ferocity of Crocodiles are sufficiently numerous, many of them, of 
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course, having reference to that notable species, the Nile Crocodile 
{Cfocodilus Niloticus, fig. 1235). The following remarks by Sir 
Samuel Baker (in Wild Beasts and Their Ways) will sufficiently 
illustrate the point: — “The throat of a crocodile is not only 
large, but is capable of great expansion, and although the habits 
of the creature usually permit the body of a victim to rest in quiet 
until it is devoured in piecemeal, there are many exceptions to 
the rule; large crocodiles will swallow a small person without 
the slower operation of dismemberment . . . When 1 was in 



Fig 1*35 —Nile Crocodile 


command of the Khedive’s expedition, our losses through croco- 
diles were very distressing, all of which were terrible examples 
of the ferocity, combined with cunning, which characterizes this 
useless scourge. On one occasion the vessels were sailing up 
the White Nile with a strong north wind, making at least ^ 
knots an hour; one of the cavasses was sitting upon the deck, 
with his legs dangling over the sides of the deeply-laden vessel, 
his feet being half a yard above the water. Suddenly a rush was 
made by a very large crocodile, and the man was seized and 
carried off in a shorter time than it would take to announce the 
^4^ , This was done in the presence of a hundred men on board 
the vessel, and nothing was ever heard of the unfortunate cavass. 
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Mention may here be made of the fact that two species of 
poisonous Lizards exist, both native to North America. One 
{HelocUrma horridum, fig. 1236) is a Mexican form, while the 
other, commonly known as the “ Gila Monster ” (//! suspectum\ 
inhabits New Mexico and Arizona. The sharp curved teeth of 
these creatures are grooved in front and behind for the purpose of 
conducting the poison, which is secreted by a series of small glands 
opening along the edge of the lower jaw. Of the Gila Monster, 



Tig. i«3A.~M«jdcu FoImoous Luard [Hthd^rma kffrridnm) 


Gadow states (in The Cambridge Natural History^ '. — “ Frogs are 
probably paralysed or killed by the bite, which, although not so 
dangerous as that of poisonous snakes, is effective enough to 
produce severe symptoms even on man, and a few cases of death 
of people who had been bitten are on record 

Poisonous Snakes are among the most formidable personal 
enemies of man, and are justly dreaded in the countries they in- 
habit, which embrace all but the coldest parts of the globe. There 
is also reason to think that at least one of the larger non-poisonous 
snakes, i.e. the Anaconda or Water- Boa {Euneces murinus) of 
northern South Amei:ica, may now and then crush and devour 
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human beings. This species is said to attain the length of 33 feet, 
or possibly more. 

The mechanism by which a venomous serpent bites its victim, 
so as to introduce poison into the wound, has been described 
already (see vol. ii, p. 80), so does not require mention here. In 
justice to such creatures it may be said that, as a rule, they only 
attack human beings when interfered with, as, e.g., by being 
accidentally trodden, 
upon. Among the 
most dreaded species 
are the Indian Cobra 
( Naia tripudians ) ; 
the even more dan- 
gerous Krait {Bun- 
gams the 

same country ; the 
Australian Death - 
Adder ( A canthophts 
antarcticus ) ; the 
Coral -Snake {Elap$ 
coralluius) of tropical 
South America; the 
Sea-Snakes {Hydro- 
phimP) of the Indian 
Ocean ; the African 
Puff - Adder ( Vtpera 
arietans)\ Russell’s 
Viper {V, Russelli)^ 
native to South Asia; 
and the American 
Rattle-Snakes (species of Crotalus). The following remarks by 
Semon (in In The Australian Bush) will prove of interest:— 
“ It is decidedly no exaggeration to say that 500 persons are 
yearly bitten on the Australian continent, although the majority 
of these cases do not prove fatal. The population of Australia is 
at present supposed to amount to 3,000,001 [in 1901 it was nearer 
4,000,000]. About 20,000 deaths by snake-bite are yearly re- 
ported from the British provinces of India, containing 120,000,000 
inhabitants [population of India in 1901 was 294,266,701]. This 
record may indeed be somewhat exaggerated, and may owe its 
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enormity to conscious or unconscious deception of the magistrates 
by the native officials. Decidedly, however, the figures are not so 
much overrated as is frequently believed. In India, as well as in 
Australia, in the course of a year about one person in 6ocx> falls 
a victim tc snake-bite.” 

Personal Enemies among Fishes (Pisces). — Some of the 
larger Sharks injure or devour bodily a good many human beings 
every year. The most notable is the Rondeletian Shark (Car- 
charodon R(mdeUtii\ which ranges through the warmer parts of 
the ocean, and mav attain the length of 40 feet. 

Those fishes also which 
possess poisonous spines 
(see vol. ii, p. 355) may 
cause serious injury, while 
some species are poisonous 
as food, such, e.g., as 
Globe- Fishes (Diodon and 
Tetrodon ) and Coffer - 
Fishes (Ostracion), 

Personal Enemies 
AMONG Mollusc?? (Mol- 
lusca). — Some of the 
giant Squids, and larger 
creatures of the Octopus 
r» certainly capable 

of injuring or destroying 
human beings. How far they do so, or have done so, it is im- 
possible to say. And a few Sea- Snails, such as Cone -Shells 
(see vol. ii, p. 357), give poisonous bites. 

Personal Enemies among Insects (Insecta). — It is quite 
impossible here to pass in review the host of insects which bite or 
sting, and many of which make up by numbers what they lack in 
size. Bees, Wasps, Ants, Gnats (fig. 1238), Mosquitoes, Midges, 
Sand-Flies, Fleas, Bugs, and Lice are all more or less notable in 
their way, or perhaps notorious would be a better word. And 
many insects which do not bite or sting may nevertheless be a 
serious nuisance, e,g. House-Flies and Flesh-Flies. 

But a fresh and unwelcome interest attaches to insects now 
that it is known that some of them are the means of conveying 
the germs of serious disease into the human body. The recent 
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work of Major Ross in reference to malarial fever is the best 
illustration that can be given. It appears that a particular sort of 
Mosquito {Anopheles) is infested with certain stages in the life- 
history of a parasitic animalcule {Heemameeba) which are intro- 
duced into the blood of persons bitten. Further development is 
there possible, serious disturbances of the system resulting. And 
when the mosquito bites a human being whose blood harbours 
these further stages it is in turn 
infected. In short the mosquito 
infects man, and man infects the 
mosquito- Some of the details 
are given in fig. 1239. Fortu- 
nately the researches of Ross en- 
able preventive measures to be 
adopted. Tii\ early part of the 
life of the insect is passed in 
stagnant water (compare vol. iii, 
p. 403), from which the immature 
stages can be cleared out by the 
use of petroleum, if applied at a 
suitable time. The method has 
been exceedingly successful at 
Havannah, formerly a great 
breeding-ground for yellow fever 
and other disorders of malarial 
type. The subject suggests an- 
other homily on the necessity 
for properly endowing scientific 
research. 

Personal Enemies among 
Spider-like Animals (Arachnida). — It need only be noted that 
Scorpions possess poisonous stings, while some of the larger 
Spiders inflict poisonous bites. At one time an exaggerated 
virulence was ascribed in Italy to the latter. Violent exercise 
was the reputed cure, hence the origin of the rapid dance known 
as a “Tarantella” {t,e. the diminutive 01 “Tarantula”, the name 
of the spider). 

The unpleasant skin-disease known as “ Itch ” is caused by the 
attacks of a kind of Mite {Sarcoptes scabei, see p. 196). 

Personal Enemies among Myriapods (Myriapoda). — The 

It? 
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Fig 1839 “Milana Para«te {Heemamaba) 

A, Two parasites wiihin a red blood corpuscle of man ; 
B, one of the same branching c, division of same into 
minute spores d, spores liberated by breaking up of 
the corpuscle when taken up int i '^he body of the mos- 
quito with human blood some sporr< assume the form B, 
others ihe form r c shows fusion f an K-spore with a 
thread from an r spore, h, the fusion is complete, and at 
this suge the parasite pierces the wall of the mosquito’s 
digestive tube . after complex changes the parasites reach 
the salivary glands of the insect, where the stage i is 
produced, which is introduced into the blood of a human 
being and attacks the red corpuscles j, the mosquito 
[^Ana^htUt) All blit J greatly enlaiged 
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large Centipedes (Scolopendra) which abound in tropical countries 
are well known on account of their painful and poisonous bites. 

Personal Enemies among Annelids (Annelida). — Some of 
the Leeches, especially the Land- Leeches of tropical countries, are 
peculiarly unpleasant to encounter (see vol. ii, p. 148). 

Personal Enemies among Flat-Worms (Platyhelmia). — 
Among the Flukes (Trematodd) about eleven different species 
have been described as parasitic in human beings, including the 
kind which causes “liver-rot'* in sheep, and which will be the 
subject of further notice On one notorious scourge of the sort 
(Bilharzia Aizma/obia) Gamble remarks as follows (in The Cam- 
bridge Natural History )\ — “This formidable parasite was dis- 
covered by Bilharz in 1853 in the veins of the bladder of patients 
at the Cairo Hospital, and is remarkable from its abundance on 
the east coast and inland countries of Africa from Egypt to the 
Cape, as well as in the districts bordering Lake Nyassa and the 
Zambesi river, while westwards it occurs on the Gold Coast 
Mecca is a source of infection whence Mohammedans carry the 
disease to distant places. In Egypt about 30 per cent of the 
native population is affected by the serious disease known as 
haematuria, resulting from the attacks of Bilharzia, soHhat, of 
the many scourges from which in Africa man suffers, this one is 
perhaps the most severe.*' 

A number of Tape-Worms [Cestodd) infest the human subject, 
and one example has been given in an earlier volume (vol. i, 
p. 441), i.e, the Common Tape- Worm {Tcenia solium), which is 
a common consequence of eating “ measly ” pork in a partially 
cooked condition. Another not infrequent human parasite in 
Western Europe is the Beef Tape-Worm (Tcenia saginatd), derived 
from “measly** l)eef. The Broad Tape- Worm (Bothriocephalus 
lotus), which is well known as a parasite of man in Russia, Switzer- 
land, North America, and Japan, results from eating diseased fish, 
especially pike, which have not been sufficiently cooked. All tliese 
three forms attain their adult state in the human intestine, from 
which they can be expelled with comparative ease by suitable 
drugs. Another tape -worm {Tania echinococcus) which when 
adult is found in the dog's intestine, is a much more dangerous 
parasite to man, in whom it may occur in its earlier bladder-worm 
form of existence as a swelling or cyst in the lungs or liver 
(Echinococcus veterinorum, fig. 1 240), often with fatal consequences. 
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Pigs and ruminants are also liable to the disease. Gamble says of 
the bladder^worm stage (in The Cambridge Natural History):— 
“ Echinococcus is most fre- 
quent in Iceland, where it 
affects 2 to 3 per cent of the 
population, and a still larger 
proportion of sheep ; while 
in Copenhagen, Northern 
Germany, some districts of c 
Switzerland, and Victoria it 
is not uncommon, but is fre- 
quently found during post- 
mortem examinations when 
no definite symptoms of its 
presence had Hpen previously 
noticed.” 

Personal Enemies 
AMONG Round - Worms 

(N I- MA rn ELM I a). a number -Echinococcus Cy^t from the Liver of a Cow 

of sptcies of these objectKin- „ ou.„ of c,«. .h^s ba. b.o„ cu, .i.., * 

able forms are found as in- to show the cy« useir t </,seiond try cysts each of which 

may produce several tape worms Reduced 

ternal parasites within the 

bodies of human beings. The Round -Worm scans lumbri- 
coides) and Thread- Worm {Oxyuris vcrmiculans) are two of the 
commonest sorts. Far more dangerous than these is one of the 



Palisade- Worms {Tochmim duodenahs), 
which possesses spines in the neigh- 
bourhood of the mouth, enabling it to 
burrow in the wall of the small intestine 
of its host. This worm is the cause 
of the fatal disease called “ miners’ 
anaemia ”. 

The Guinea-Worm {Fi/aria medi- 
nensis), only too well known in tropical 
countries, is the cause of serious tumours, 
especially in the legs. These are caused 
by the female, an elongated (usually 



Fig. 1341 —Trichinae encysted in MuicW. 
Much enlarged 


20 to 32 inches) slender 


creature which lives under the skin of the person affected. 


Trichinosis is an extremely dangerous disorder contracted by 


eating diseased pork, containing the encapsuled stage of a minute 
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thread* worm (Trichina spiralis, fig. 1241). On reaching the 
human stomach the capsules are dissolved, the minute worms 
become adult, and myriads of larvae are produced, which bore 
into the walls of the intestine. They are then carried in the 
blood to different parts of the body, especially the muscles, 
where they come to rest, and pass into the encapsuled stage. 
Pigs contract the complaint by eating diseased rats, or the offal 
from their slaughtered fellows, if the latter are infected. 

Personal Enemies among Hedgehog - skinned Animals 
(Echinodermata), — Unpleasant wounds may be given by the 
long sharp spines of some sea-urchins, especially when these are 
provided with poison-glands (see vol. ii, p. 361). 

Personal Enemies among Zoophytes (Ccelenterata). — The 
larger Jelly-Fishes, such as the Portuguese Man-of-war (Phy- 
salia), possess innumerable nettling capsules, by which they can 
inflict painful stings, of which the effects may long be felt. 

Personal Enemies among Animalcules (Protozoa). —These 
are probably more numerous than at one time suspected. The 
malaria-parasites introduced by means of Mosquitoes (see p. 341) 
are the most serious at present known. 



CHAPTER LXXI 


ANIMAL FOES— FORMS INJURIOUS TO HUMAN 
INDUSTRIES 


A large volume would be required to give anything like an 
adequate account of the innumerable animal pests which more or 
less diminish the success of many human operations. Keepers 
of stock or poultry, crop-growers, gardeners, foresters, and the 
like, all have constant and painful experience of some such forms. 
Other animals dunnage buildings, food, clothes, and various manu- 
factured articles. To cope successfully with many of these foes 
requires much knowledge of their habits and life-histories, and 
such knowledge can only be acquired by patient and long- 
continued scientific research, carried out by trained experts. 
Although an increasing amount of this kind of work is done in 
the United Kingdom, we are at present very far behind such 
countries cis Germany and the United States, where the value of 
research is fully appreciated by the authorities. Our own govern- 
ment is comparatively apathetic in the matter, and our univer- 
sities are too much occupied in turning out graduates by the score 
to undertake more than a small fraction of the original investiga- 
tions upon which the prosperity of many of our industries ulti- 
mately depends. 

It is only possible here to briefly review the animal kingdom 
with a view to pointing out some of the more injurious forms. 

Injurious M \mmals (Mammalia) — It goes without saying 
that the carnivores which attack man (see p. 331) are still more 
mischievous by way of raiding flocks and herds. Besides which, 
members of the same group which are not powerful enough to 
be considered our own personal enemies, may nevertheless be 
very destructive to domesticated animals. Foxes, Weasels, and 
Stoats may be mentioned in illustration. But at the same time 
it ought to be remembered that the damage inflicted is not 

S46 
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infrequently balanced, or even outweighed, by benefits conferred 
in other ways (see p. 325) 

Cultivated plants are often injured or destroyed by herbivorous 
or omnivorous Mammals — Deer and various gnawing mammals, 
such as Rats, Mice, Voles, Hares, and Rabbits. Such creatures 

and woods, by in- 
juring the bark of 
trees. In this re- 
spect Goats are 
particularly de- 
structive. A re- 
markable instance 
of this IS given in 
the following pas- 
sage from Wallace 
( Island Life ) : — 
“ When first dis- 
covered [over<^400 
years ago], St. 
1 1 elena was densely 
covered with a 
luxuriant forest 
vegetation, the 
trees overhanging 
the seaward preci- 
pices and covering 
every part of the 
surface with an 
evergreen mantle. 
This indigenous 
vegetation has 
been almost wholly 
destroyed; and although an immense number of foreign plants 
have been introduced, and have more or less completely estab- 
lished themselves, yet the general aspect of the island is now 
so barren and forbidding, that some persons find it difficult to 
believe that it was once all green and fertile. The cause of 
the change is, however, very easily explained. The rich soil 
formed by decomposed volcanic rock and vegetable deposits 
could only be retained on the steep slopes so long as it was 


may also be injurious in gardens, orchards, 



Fig 1243 —Common Mouv (Afns tnMSCu/tts) 
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protected by the vegetation to which it in great part owed its 
origin. When this was destroyed, the heavy tropical rains soon 
washed away the soil, and has left a vast expanse of bare rock 
or sterile clay. This irreparable destruction was caused in the 
first place by goats, which were introduced by the Portuguese 
in 1513, and increased so rapidly that in 1588 they existed in 
thousands. These animals are the greatest of all foes to trees, 
because they eat off the young seedlings, and thus prevent the 
natural restoration of the forest. They were, however, aided by 
the reckless waste of man.’* 

Rats, Mice (fig. 1242), and other small 
rodents are destructive to stored grain 
and other commodities, and may become 
a thorough nuisance in dwellings, as most 
of us have found by experience. Such 
creatures m'^v also be productive of serious 
harm by disseminating various diseases. 

Rats, for example, often cause trichinosis 
in swine (see p. 344), and hence indirectly 
in hunican beings, or may spread such viru- 
lent germs as those of bubonic plague. 

Injurious Birds (Avls). — Large birds 
of prey, such as Eagles, may attack various 
domesticated animals, and even the Raven 
{Corvus corax) is known to injure lambs, 
among other forms. The Kea Parrot 
{Nestor notabilis) of New Zealand has 
acquired the reprehensible habit of killing sheep by biting deep 
holes in their backs, its object being said to be to reach the fat 
in the neighbourhood of the kidneys. The smaller Birds of Prey 
may raid poultry-yards or game-preserves, and some of them 
destroy useful insectivorous birds. Certain species, however, do 
more good than harm (see p. 327). 

Among insectivorous birds the Woodpeckers damage trees in 
the course of their search for food (fig. 1 243), and also sometimes 
by excavating nesting-holes in sound trunks. A great many 
plant-eating or omnivorous birds do m(« h mischief in cultivated 
fields, gardens, and orchards, the exact nature of the depredations 
depending upon the species. Most, if not all, omnivorous birds 
also do a certain amount of good, sufficient, in some cases, en- 



fig 1243— ‘nnged'bya 
Woodpe ker 
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tirely to outweigh their misdeeds. Crows, Rooks, and Sparrows 
are among the most hurtful forms in Western Europe. Some 
of the mainly beneficial species are: Thrushes, Starlings, and 
Chaffinches. 

Injurious Reptiles (Reptilia). — It is only necessary to note 
that Crocodiles, Alligators, and poisonous Snakes destroy a num- 
ber of domesticated animals. 

Injurious Fishes (Pisces). — Some of the more voracious 
freshwater forms, especially the Pike {Esox lucius) destroy other 
species of greater value, or interfere with the work of fish- 
culture. Skate and Rays are destructive to oysters. 

Injurious Molluscs (Mollusca). — P'orms like the Octopus 

and its kind destroy oysters, 
as also do several species of 
boring sea-snail. Of the latter 
the “ whelks ” detrimental to 
British oyster - culture are 
chiefly the Common Whelk 
( Buccinum undatitm ), the 
Dog-Whelk {Nassa reticosa), 
and the Purple-Shell (P?ir- 
pura lapillus\ Various North 
American species which do 
harm in the same way are 
popularly known as “ drills ”. 

Cultivated plants of almost all kinds are liable to the attacks 
of various Land -Snails and Land -Slugs (fig. 1244), which are 
probably by far the most injurious of all molluscs from the 
human stand-point. 

Among injurious bivalves the Ship-Worm {Tei'edo navalis) is 
notorious for the way in which it has damaged the timbers of ships 
and wooden piles. At one time it worked such devastation in the 
sea-dykes of Holland that serious disaster was threatened. The 
Edible Mussel {M}d?/us edulis) is sometimes an enemy to oyster- 
culture, as it may cover up and smother beds of young oysters. 

Injurious Insects (Insecta). — These are so excessively 
numerous, and at the same time so destructive, that they are 
the subject of a particularly extensive literature, and constantly 
engage the attention of many skilled naturalists, especially at the 
numerous experimental Pmtomological Stations of America. 



F.g 1344 —If ticld Slug {Ltmax agrtsHs)^. 3, Black Slug 
{,Anon afer), and 3, a rebted »peoes {A. em/tneorum^ 
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Domesticated animals are attacked by a great variety of 
insects, of which only a few can be here mentioned. Some- 
thing has elsewhere been said about Bot-Flies (see p. 191). 
Two such forms, the Ox- Warble Flies [Hypoderma bovts and 
H. ItneatuSy fig. 1245), lay their eggs on the legs of cattle, 
usually near the heels. It is probable (but not absolutely cer- 
tain) that the maggots when hatched pierce the skin, under 
which they make their way to the back. At any rate they are 
found in that region later on, living in swellings (‘‘warbles”) 
which open to the exterior. Of the injuries inflicted Somerville 
says (in Farm and Gar- 
den Insecti) : — “ The 
damage done by this 
insect is enormous, the 
Newcastle Hide Pro- 
tection Society, for in- 
stance, reporting that 
the hides dealt with in 
that town alone in 1892 
had been damaged by 
warbles to the extent 
of 1 4,000. Besides 

the injury to the leather 
H, bovts causes great 
damage by unsettling 
cattle and preventing them thriving properly. When cattle dis- 
cover that the fly is hovering near they rush wildl\ about the 
field; and the constant irritation to which the larva subjects 
them when located in the skin is no less detrimental to the ani- 
mals. The flesh in the neighbourhood of the warbles is also 
much reduced in value, being covered by a jelly-like substance 
known as ‘licked beef’.” 

The bite of the much-dreaded Tsetse Fly {Glosstna morsiians) 
of tropical Africa is fatal to horses, producing “ nagana ” or “ fly- 
sickness” (see p. 241). This is because the bite introduces into 
the horse’s blo^ certain stages in the Iife-history of a parasitic 
animalcule {^Trypanosoma'), which attacks the red corpuscles. 
Other biting flies may introduce fatal germs, as, e.g,, the bacilli 
which are the cause of anthrax (splenic fever, quarter evil). 

The insect pests which damage stock are mostly Flies and 



Fig 1245 — Ox Warble Fly [Hypedirma) enlarged 
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Fleas (Diptera), but forms extremely injurious to cultivated and 
other plants are to be found in several orders, as a brief summary 
will show. It will be convenient to mention at the same time 
some of the species which damage food, clothing, buildings, 
&c. &c. 

Bugs {Hemiptera). — By means of their piercing and suctorial 
mouth -parts innumerable members of this order are able to 
feed upon the sap of plants, often with the most deplorable 
consequences. Aphides or Green- Flies {Aphidai) and Scale- 
Insects or Mealy Bugs {Coccida) are among the most mis- 
chievous, for though of small 



«, Wingless root sucking femile winged i ser- Fi;; r ‘*47 —Apple Scale Insect Vy* 

ground female c, wingless overground female 4 , ti/m//* pomotmn enlarged A, Mgle 

male e, gall producing fcmile b, I-emale. c Nymph 


lific. Aphides are often popularly known as “blight”, and nearly 
200 species of them are British, while some 800 have altogether 
been described. Many important cultivated plants are infested 
by particular kinds of Aphis, as will be gathered from the names 
of the following --Corn Aphis [Aphis cerealis). Oat Aphis [A, 
avcnce\ Bean Aphis (A. fabce). Cabbage Aphis [A. brassica), 
Turnip Aphis (A. rap(r\ Hop Aphis [A, humu/i), Cherry Aphis 
(A. ccrasi). Plum Aphis [A. prunt), &c. &c. Enormous damage 
is done in vineyards by the Vine Aphis {Phylloxera devastatrix, 
fig. 1246). During the spring and summer wingless females work 
havoc upon the roots, which swell up into small galls. They lay 
unfertilized eggs, which hatch out into forms like themselves, and 
there may be as many as eight generations of the kind produced 
during the season. But the last batch of these eggs produced }n 
autumn gives rise to wingless males and winged females, that live 
above-ground and attack the leaves. The fertilized "winter- 



FORMS INJURIOUS TO HUMAN INDUSTRIES 


351 


eggs ” of this generation survive, lie dormant during the winter, 
and wingless females hatch out from them in the following 
spring. 

Scale-Insects (CoccicUs\ of which one kind has already been 
described (see vol. iii, p. 381), are particularly harmful in fruit- 
culture. Well known in Britain are — Apple Scale {Mytilaspis 
pomorutn), white woolly Currant Scale (JPulvinaria ribesiai), and 
Gooseberry and Currant Scale {Lccantum ribis). 

Fringe -Winged Insects (Tkysanoptercl) See vol. i, p. 355. 

Fites {Diptera). — The most familiar pests belonging to this 
group are the Crane-Flies or “ Daddy-Long-Legs” {Tipulidce\ of 
which there are at least some thirty 
British species. The larva;, known 
as “ leather - jackets ”, are very de- ^ 3 

structive to the roots of grasses and H ^ 
cereals (fig. 1248). A species which H / 
has been responsible for great damage H / 
to cereal crops in America is the B / JV/UJL A 

Hessian Fly {Cecidomyia destructor), fv / \ 

so called because it is supposed to \ ^ \ 

have been introduced into the New \ \ 

World in 1778 by means of straw B ^ \ 

brought by Hessian mercenaries. B \ if 4 ^ 

The female fly lays her eggs in * 

pairs in the angles where the leaves fir -crane i.Lanra; 

of wheat, barley, or rye join the 

stem. The maggots feed upon the Juices of the haulm, causing 
this to bend or break, and interfering greatly with the develop- 
ment of the grain. The Wheat- Midge (Cecidomyia tritici) is 
chiefly destructive to wheat and rye, the eggs in this case being 
laid in the flowers. The Frit-Fly (Osciitis fnt) is injurious to 
cereals in much the same way as the Hessian Fly, but its eggs 
are here laid on the under sides of the leaves. Some flies lay 
their eggs on food, and cause great annoyance. The Blow- Fly 
or Blue- Bottle (Musca vomitorid) and the Cheese- Fly (Fiophila 


casei) are well-known examples. 

Moths and Butterflies {Lepidoptera\ — Almost everyone has 
noticed the way in which the caterpillars of these insects vora- 
ciously devour plants of various kind, and a mere list of destructive 
species would occupy a considerable space. Among injurious 
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Butterflies the Whites (Pterida) are only too £uniliar. They in- 
clude, for example, the Lai^e Garden White or Cabbage Butter- 
fly (Pieris brasstca)^ the Small White {P, rapa\ and the Green- 
veined White {P, napt). The leaves of cabbages, cauliflowers, 
turnips, and other cruciferous plants are ravaged by the insatiable 

caterpillars. 

The larvae of many 
species of Owlet Moths 
[NochiidcB\ under the name 
of “ surface caterpillars ”, 
are responsible for a large 
amount of damage to various 
cultivated plants. Notable 
forms are the Turnip Moth 
gratis segetum), Heart- 
and-Dart Moth {^A. excla- 
maiionis), and Great Yellow Underwing (Tripfuena pronuba). 

Among other species of which the larvae are destructive to 
ordinary crops may be mentioned — Silver-Y Moth {P/nsia 
gamma), inimical to most cultivated herbs , Cabbage Moth 
{Mamestra brasi>ica, fig. 1249), Pea Moth {Grapholitha nebri- 
tana), the caterpillars of which penetrate the young pods and 
feed on the immature peas; Grass Moth {CAar^ras gramims), a 



Fig 1249. — Cabbage Moth I Mamtatr i bratttca) 
female, i, larvi 3. pupa 



1250 — Codlin Moth ^Car^apsa pomonella) Adult Female on left, larva in centre pupi to ri^ht 
it» actual M/c indicated by a hne^ 


pasture pest; and Diamond-back Moth {Plutella rmciferamm), 
destructive to various crucifers. 

Various trees of economic importance are liable to be attacked 
by voracious caterpillars. What are known as “ worm-eaten ” 
apples, for instance, commonly owe their condition to the larvse 
of the Codlin Moth {Carpocapsa pomonella, fig. 1250). The large 
caterpillars of the Goat Moth {Cossus ligniperda) bore great holes 
in forest-trees, while the larvae of other species ravage their 
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foliage. The Nun {Pstlura monacha) is a very serious forest pest 
in Germany, for its caterpillars devour pine-needles and the leaves 
of hardwood trees in a wholesale manner. The Gipsy Moth 
{Ocneria dispar), introduced from Europe into the United States 
some thirty years ago, has within the last decade proved a veri- 
table scourge to many trees. Fletcher Osgood makes the follow- 
ing observations about this particular pest (in Harper s Magazine, 
1897): — The careful reckoning of science has demonstrated that 
the unrestricted caterpillar increase of a single pair of gipsy moths 
would suffice in eight years to devour the entire vegetation of 
the United States. In the ordinary course of nature (let Heaven 
be thanked for it!) such in- 
crease is never left wholly un- 
restricted. . . . Since the work 
[of extermination] began [in 
Massachust’V*;], some forty- 
two millions' of trees have 
been inspected, while the 
number of the buildings, 
walls, and fences thus looked 
over exceeds four hundred 
thousand. Besides myriads 
of the gipsy kind destroyed 
by burning and in other ways, 
and hosts escaping record in 
the first years of the outbreak, the force employed against the 
caterpillar has killed directly by hand, to date, about two billions 
and three millions of these dreadful creatures. The unrecorded 
destruction will doubtless bring the list of killed to at least 
some four billions. The results so far have more than justified 
the necessary outlay.” 

The Corn Moth or Corn Wolf (Tinea granella, fig. 1251) is a 
small granary-pest that does much damage to stored grain. The 
Clothes- Moths, so destructive to garments of cloth and fur, are 
closely related. 

The last species to be here mentioned is the Wax Moth 
(Galley^ mellonelld), one of the enemies of apiculturalists. The 
female tries to enter a bee-hive, and, if successful, lays her eggs 
there. When the caterpillars hatch out they burrow into the 
combs, and feed upon the wax. 



Fig 1251 — Corn Moth (T'litra grantUa) i, Infested 
grains held together by threads of silk, a, cocoons 3. Isnrs. 
4. the same enlarged 5. dirysalu, 6, the same, enlarged 
7. empty chrysalu skin projecting from cocoon 8, adult 
female, 9, the same, enlarged (actual siia in same position 
indicated at 10) 
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Injurious Beetles {Coleopterd), — Many notorious malefactors 
belong to this order. Among the most injurious are “wire- 
worms”, which do great damage to the underground parts of 
cereals, grasses, and root-crops, and are no other than the larvae 
of the little Click- Beetles {Elaierida). The still smaller Turnip 
Flea- Beetles {Haltica nemorum^ fig. 1252, and H. undulata), 
populau-ly known as Turnip-“ Flies ”, are very injurious to turnips 
and related plants, for the adults attack the leaves from the 
outside, while their larvae burrow within them. Some of the 
“ Chafers ” are very injurious to trees, crops, amd pastures. The 
Common Cockchafer {Melolontha imlgaris), when adult, ravages 

the foliage of trees, while its 
grubs live underground, and 
attack the roots of grasses, 
various crop - plants, and 
many trees. A form which 
created a “ scare ” in this 
country some years ago is 
the Colorado Beetle {Chry- 
somela decemlineatd)^ a par- 
ticularly prolific insect which, 
both in the larval sta^ and 
when adult, devours potato 
leaves. 

The larvae of Beetles 
belonging to one family (BrucAzdi^) burrow in seeds, and some 
of them infest plants of economic value, e,^. Pea- Beetles {BzucAus 
pisi) and Bean- Beetle {B, faba\ 

The little long-snouted Weevils {Curculiontdz^), of which some- 
thing like 20,000 species have already been described, include a 
large number of pests, of which both adults and larvae feed on 
vegetable matter. The Pea- Weevil {Sitones lineatus), for example, 
devours the leaves of pea, bean, clover, &c., while its larvae prey 
upon their roots. The Apple-blossom Weevil {AntAonomus po- 
morum) is very destructive in orchards to both apple and pear. 
The female insect deposits her eggs in the young flower-buds, 
one in each, and may carry on this injurious operation for two 
or three weeks. The Corn- Weevil (Calandria granaria^ fig. 1253) 
bores holes in young grains of com, and each of the some 1 50 eggs 
of a single female are deposited within separate grains. Some of 



Fig ixsa.~Suges of Turnip F 1 «a Beetle {Hmlttca nemenMi). 
1, Adult (enlarged), ihowing wing covert and wingt spread 
out, a, 3, natural sue of same. 4, 5, eggs ($ enlarged), 6. 7. bur- 
rows of larvae (7 enlarged) 8, g, larva (natural sue and en- 
larged) 101 II, pupa (natural sue and enlarged) 
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the Weevils are among the pests of forestry, certain forms attack- 
ing conifers, e.g, species of Hylobitis and Pissodes, 

Some of the Beetles are indoor pests, their larvae feeding 
on all sorts of substances. The members of one small family 
[Dermestida) devour animal substances, and are very destructive 
in museums. To one species at least (Anthrenus fasciatus) the 
horse-hair coverings of furniture prove palatable. The larvae of 
the Bacon- Beetle [Dermesies lardarius) indulge in a more luxurious 
diet, as the name indicates. The larvae and adults of certain 
species belonging to another family {J^tinidce) are not often seen, 
though some of them are 
frequently heard, and their 
“ works ” are familiar. A 
kind of literary flavour at- 
taiches itself to the Biscuit- 
“ Weevil ” {^Anobhitn pani- 
ceum\ for its larva is most 
likely the “ original book- 
worm ” which finds its pabu- 
lum in libraries, though paper 
is not the only item in its bill 
of fare, for Sharp remarks 
(in The Cambridge Natural 
History) that “ . . . it must 
possess extraordinary powers 
of digestion, as we have known it to pass several consecutive 
generations on a diet of opium; it has also been reported to 
thrive on tablets of dried compressed meat; in India it is said 
to disintegrate books; a more usual food of the insect is, how- 
ever, hard biscuits; weevily biscuits are known to every sailor, 
and the so-called ‘weevil’ is usually the larva of A. pa 7 iic€U 7 n'\ 
The “Greater Death-Watches” belong to allied species [A, 
striatum and A, tessellatum), and are the cause of “worm-eaten” 
wood and much superstition. 

Injurious Membrane -Winged Insects {JHymenoptera). — To 
farmers and fruit-growers the Saw-Flies are here most dele- 
terious, while Wood -Borers are among the pests of forestry. 
Their operations havi been already sufficiently described (see 
vol. i, p. 371; vol. ii, p. 203; and vol. iii, p. 386). Prominent 
pests are the Corn Saw-Fly {Cephus pygmcpus), Turnip Saw-Fly 



r>K Weevib. i, Grain or wheat, showing the punc* 

tured hole, and 5, the exit of the perfect weevil s Pupa 
(natural %ue), 3, magnified 4, Grain of Indian corn, with 
weevil inside 6, 7. Lorn Weevil (Calatutra granarut), natural 
site and magnified 8, 9, Rice Weevil (C eryzit), natural size 
and Miagnified 
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{Aikalia spinarum\ Apple Saw-Fly {Hotlocampa testtidined). 
Gooseberry and Currant Saw-Fly (NemcUus ribesti). Cherry and 
Pear Saw-Fly (Eriocampa limacind)^ Plum Saw-Fly {Hoplocampa 
ftdvicoimis\ and Pine Saw-Fly (LopAyrus pint, fig. 1254). 

Other net-winged insects may at times be injurious, e,g. Wasps 
sometimes damage large quantities of fruits, while Ants make raids 
on provisions (especially those containing suga*-), and Carpenter- 
Bees {Xyloccpa) destroy woodwork. 

Injurious Net-winged Insects (Neuroptera). — The Biting- Lice 
{^Maltophagd) live as ectoparasites on birds or mammals, and feed 
on their feathers or hairs, at the same time causing much irritation. 
Domestic fowls are pestered by no less than five species of these 
insects, one {Mencpon pallidum) being particularly common. The 



rig ixs4< — Puc Saw'Fljr {Lafkyrm On the hvanch to the left nre two larvae, a cocoon, and an adalt aak 

on the right an aduk feaiale, enlarged (actual sue indicated hy the koe) 


Biting Dog- Louse {TricAodectes latus) not only torments its host 
but also harbours a stage in the life-history of a tape-worm which 
lives when adult in the dog s intestine. 

In some of the hotter countries of the world Termites 01 
“ White Ants are very harmful to furniture and woodwork, on 
account of their habit of excavating and feeding upon wood (see 
p. 120). An interesting example is giving by Sharp (in TAe 
Cambridge Natural History), who says: — “A Termite (Termes 
tenuis) was introduced — in what manner is not certainly known 
— to the island of St. Helena, and committed such extensive 
ravages there that Jamestown, the capital, was practically de- 
stroyed, and new buildings had to be erected ”. 

Injurious StraigAt-winged Insects (OrtAopterci), — Locusts have 
been one of the scourges of mankind from the earliest times, 
owing to their enormous fertility and the wholesale manner in 
which they devour all sorts of vegetation (see vol. i, p. 382, and 
vol. iii, p. 379). The species which migrate from place to place 
in vast swarms are those which do most mischief. The follow- 
ing quotation from Sharp (in TAe Cambridge Natural History) 
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regarding such forms will give an idea of the possibilities: — “In 
countries that are liable to their visitations they have a great 
influence on the prosperity of the inhabitants, for they appear 
suddenly on a spot in huge swarms, which, in the space of a 
few hours, clear off all the vegetable food that can be eaten, 
leaving no green thing for beast or man. It is difficult for those 
who have not witnessed a serious invasion to realize the mag- 
nitude of the event. Large swarms consist of an almost incal- 
culable number of individuals. A writer in Nature [Carruthers, 
1889] states that a flight of locusts that passed over the Red Sea 



in’ -larva 'iiid Adult Female of the Migratory Locust I 7 


in 1889 was 2000 sejuare miles in extent, and he estimated its 
weight at 42,850 millions of tons, each locust weighing of an 
ounce. A second similar, perhaps even larger, flight was seen 
passing in the same ilirection the next day. That such an esti- 
mate may be no exaggeration is rendered probable by other 
testimony. From official accounts of locusts in Cyprus we find 
that in 1881, up to the end of October, 1,600,000,000 egg-cases 
had been that season collected and destroyed, each case containing 
a considerable number of eggs. By the end of the season the 
weight of the eggs collected and made away with amounted 
to over 1300 tons, and, notwithstanding this, no less than 
5,076,000,000 egg-cases were, it is believed, deposited in the 
island in 1883. When we realize the enormous number of indi- 
viduals of which a large swarm of locusts may consist we can see 
that famine is only a too probable sequence, and that pestilence 
may follow — as it often has done — from the decomposition of the 

VOL IV 118 
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bodies of the dead insects. This latter result is said to have 
occurred on some occasions from locusts flying in a mass into 
the sea, and their dead bodies being afterwards washed ashore.” 

Of other well-known members of the present order which are 
to be regarded as pests may be mentioned : The Earwig {Forficula 
auricularia), which attacks flowers and fruits; Cockroaches (our 
common species is Periplaneta orienialis)^ that are troublesome in 
houses and on board ships; and the Mole-Cricket (Grylloialpa 
vulgaris\ which is injurious to pasture. 

Principles regulating the Methods employed in Combating In- 
jurious Insects, — These are summarized by Ritzema Bos (in Tier- 
ische Sch'ddlinge und Ntitzlinge) under (i) Preventive Measures, 
(2) Curative Measures, (3) Measures which are both Preventive 
and Curative. It may be well once more to emphasize the fact 
that to successfully combat harmful insects (and all other pests) 
an intimate knowledge cf their habits and life -histories is 
essential. There is commonly, for example, some stage in the 
development of a particular animal which can be exterminated 
with comparative ease and at relatively small expense. This must 
be carefully borne in mind, or it may turn out that, financially 
speaking, “the remedy is worse than the disease”. 

(i.) Preventive Measures, — Sickly plants are in many cases 
more subject to infestation than healthy ones, and it therefore 
follows that all the means adopted by farmers, gardeners, and 
foresters to promote the vigour of the forms with which they are 
concerned assist in warding off the attacks of injurious insects, &c. 
It is also well known that seedlings are less able to resist their 
enemies than plants in a later stage of development, from which 
it follows that crops should be stimulated to rapid growth at the 
time when sprouting begins. 

One of the benefits to be derived from rotation of crops is to 
check the ravages of various injurious insects, &c., which only 
feed upon one or a few kinds of plant. They are often, so to 
speak, starved out. Clean seed is another important preventive, 
for without precaution in this direction sowing may mean a dis- 
tribution of pests as well as plants. And as during part of their 
existence some noxious forms are harboured in straw, another 
preventive measure is thereby suggested. 

It is also sufficiently obvious that the natural enemies of pests 
should be protected and encouraged as far as possible. This 
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particular preventive measure chiefly applies to insectivorous birds 
and mammals. 

(2.) Curative Measures . — It is possible to collect and destroy 
many sorts of pest (see p. 353), although this is usually an ex- 
pensive matter. The question as to which stage in the life-history 
of a particular form most readily lends itself to the method is 
clearly one of great economic importance. 

Collection is sometimes facilitated by “ luring ” pests by means 
of something which serves to attract them. Slices of potato, for 
example, have been found to draw large numbers of wire-worms. 



Fig 1256 — U initr Moth (rA#-;!// 1/<^; I imle (centre^ female nght' and chrysalis left) 
1 heveiticil lines indir-iie -sciual si/es 


Many creatines can be destroyed in the places where they live 
by means of certain powders and spra} s, distributed by various 
ingenious appliances Soot, quick lime, “ Pans green ” (an aceto- 
arsenite of copper), soap suds, paraffin emulsion, &c &c , all have 
their special uses. 

(3.) Measures ivhich ate both Preventive and Curative. — These 
may be illustrated by ‘‘ tar-rings employed in combating the 
Winter- Moth (Cheimatobia brumata, fig 1256), destructive to 
fruit-trees, and the Gipsy-Moth {Ocneria dispar), which is an 
enemy to all sorts of trees. In both these species the dormant 
chrysalis stage is passed through in the ground. As the wings 
of the female Winter-Moth are small and useless, while the female 
Gipsy-Moth cannot (or at any rate does not) fly, both of them 
have to creep up the tree-trunks in order to lay their eggs. This 
can be prevented by means of a tar-coated band of suitable 
material fixed round the trees a short distance above the ground 
Collection and destruction of moths and eggs naturally follow. 
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Injurious Spider-like Animals (Arachnida). — The only 
forms of great importance here are the Mites (Acartna). Mange- 
and Itch-Mites, injurious to domesticated animals, have already 
been mentioned (see p. 196). Poultry are attacked as well as 
quadrupeds. Fowls are also liable to be infested by Red Fowl- 
Mites (Dermanyssus gallina), which suck their blood and set up 
an intolerable itching. 

Domesticated animals are also often attacked by Ticks 
{Ixodida)^ which are able to draw large quantities of blood, and, 
what is more serious, may convey the germs of disease. Infec- 



Fig 1*57 —Stages m Life History of Liver Flulie iFeuci la 
h*patica , enlarged A, ciliated larva p, sporocyst within nh ch 
redi» are developing c redia, within which a new generation of 
reduB IS developing d, redia, with contained cercariae 6 - opening 
by which these escape D intemnc> e, cercaria b to a are 
parasitic within the water snail p Limnaa truncatula , from which 
B escapes to encyst on the stem of *1 plant 


tion by means of one such 
Tick {Ixodes reduvius) is, 
for example, the cause of 
“ loupmg ill ” in sheep. 

Cultivated plants also 
suffer fro^p the attacks of 
Mites, among which the 
following may be men- 
tioned • — Currant Gall - 
M i te ( Phytoptus nbts ), 
Red Hop-“ Spider” {Te- 
tranychus telarm^^, Red 
Plum- “ Spider ” ( 7 ! ru- 
be sc and Harvest or 

Goosel)erry - “ Bug ” ( 7 . 
autti 7 nnah\\ 

Other kinds of Mite 
spoil furniture and attack 
food, especially meal, 
cheese, and sugar. 

Injurious Myrupods 


(A^yriapoda). — Some of the Millipedes (“false wire-worms”) 
attack the underground parts of various plants, or may damage 


soft fruits. 


Injurious Flat-Worms (Platyhelmia). — A large number of 


Flukes (Trematoda) and Tape-Worms (Cestoda) are parasitic 
within ihe bodies of domestic animals, as previously stated in 


dealing with the personal enemies of man (see p. 342). A few 
details may be appropriately added. 

Flukes {Trematoda ), — It is only necessary here to refer to the 
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Liver-Fluke {Fasciola hepatica, fig. 1257), a brief account of which 
has already been given (see vol. i, p. 443). The adult Fluke is 
parasitic in the liver of the sheep, causing the serious disease 
known as “ liver-rot ”, while certain earlier stages of the life- 
history are passed within a small water- snail {Limncea trun- 
catulci). The following extract from Gamble (in The Cambridge 
Natural History) will give some idea of the serious losses which 
may be caused by this destructive parasite: — “Over the whole of 
Europe, Northern Asia, Abyssinia, and North Africa, the Canaries, 
and the Faroes the fluke and the snail are known to occur, and 
recently the former has been found in Australia and the Sandwich 
Islands, where a snail, apparently a variety of Limtuea truncatula, 
is also found. Over these vast areas, however, the disease usually 
only occurs in certain marshy districts and at certain times of the 
year. of a clayey soil, liable to be flooded (as in certain 

parts of Oxfordshire), are the places where this Limncea occurs 
most abundantly, and these are consequently the most dangerous 
feeding-grounds for sheep. The wet years 1816, 1817, 1830, 
1853, and 1854 — memorable for the occurrence of acute liver-rot 
in England, Germany, and France — showed that the weather also 
plays a considerable part in extending the suitable ground for 
Limncea over wide areas which in dry years may be safe pastures. 
In 1830 England lost from this cause one and a half million sheep, 
representing some four millions of money, while in 1879-80 three 
millions died. In 1862 Ireland lost 60 per cent of the flocks, and 
in 1882 va.st numbers of sheep perished in Buenos Ayres from 
this cause. In the United Kingdom the annual loss was formerly 
estimated at a million animals, but is now probably considerably 
less.” This extract clearly shows the importance of scientific re- 
search to agriculture, as preventive measures clearly depend upon 
an accurate knowledge of the life-history of the fluke. 

Tape -Worms {Cestoda). — The disease of sheep known as 
“staggers” or “sturdy” is due to the presence of large cysts 
that cause pressure on the brain, and are the bladder -worm 
stage {Caenurus cerebralis) of a Tape-Worm {Tcenia ccenurus) 
that lives when adult in the intestine 01 a sheep-dog (fig. 1258). 
A sheep contracts the disease by swallowing eggs of the parasite 
which have passed out of the body of a dog, while in its turn a 
dog becomes infected if it devours cysts from the brain of a sheep 
that has died of staggers. 
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Dog and Rabbit (or Hare) are the two hosts of another kind 
of Tape-Worm {Ttpnia serraia)^ of which the adult lives in the 
intestine of the former animal, while the bladder-worm stage 
(Cysticercus pisiformis) is harboured in the body of the latter. 

Injurious Thread-Worms (Nemathelmia). — Many of the 
worms belonging to this group are injurious to domesticated 
animals and cultivated plants. The large Horse- Worm (A scans 
mega/ocep/ia/a), for example, often infests in great numbers the 



Fig 1*58 —The Tape- Worn [Ttenta '■imunu), of 
the i.y4C causes “staggers" in blicep i, p.irts of tl; 
worm [Ot head, AS, ripe joints) , a, head >. saau x v 
ing hooks and suckers, 3, cyst from sh/ -p s brim 
groups of developing tape- worm head> a ' indicated 

presence of Armed S; 


intestine of the horse and its 
allies, while smaller species of 
round -worm live as parasites 
within dogs and cats. Much 
more dangerous is the minute 
Trichina {Trichina spiralis) 
that sets up trichinosis in pig 
and man (see p. 343). 

Much harm is caused by 
the Palisade- Worms or Stron- 
gyles {Strongylid(p\ related 
to the species which produces 
miners’ anaemia ” in human 
beings (see p. 343). ^ The 
Giant - Strongyle (Eustron- 
gylus gigas\ of which the 
female may be from a foot 
to over a yard long, lives in 
jrhich the kidneys of horse, ox, 
^hlTw 't may be, man. 

K-vcrai Swellings in the arteries of 
the horse are caused by the 
; {Strongylus armatns), while other 


deadly parasites are -.he Stomach - Strongyle (S. contortus) of 
the sheep, and the Lung-Worm (S, Jilarid) of the lamb. The 


disease known as ‘"gipes”, to which young poultry and game- 
birds are liable, is caused by the pre.sence of a related species, the 
Red- or Forked- Worm (Syngamus trcuhcalis). 

Some of the little Fel-Worms {Anguillulidcs) are serious ag^- 
cultural pests. They fiossjss a spine at the front end of the body, 


by which they bore into the tissues of plants. One species, the 
Wheat Eel-Worm {Tylenchas scandens), has been described in 
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an earlier section (see voL ii, p« 222). The Stem Eel^Woinii 
(Z*. devastairisc) attacks the stems and leaves of rye, oats, buck* 
wheat, clover, &c., leading to stunted growth, or even killing the 
plants outright. “Clover sickness” is set up by the presence of 
this parasite. The Beet Eel-Worm {^Heterodera Schachth, fig. 

1 259) infests the roots of its host- 
plant, and causes “beet sick- 
ness”. The related Root-knot 
Eel- Worm (//. radtctcold) pro- 
duces galls on the roots of clover, 
lucerne, cucumber, tomato, and 
many other cultivated plants. 

Injurious Animalcules 
(Protozoa). — Nagana or “fly- 
sickness” (see p. 241) is the 
best exctinpie of disease result- 
ing from the presence of para- Fig 1359 —Roots of Beet, infested by Beet Eel Worm 

. . * 1 1 * J [Htterodera btchachtu) enlarged a ^hows a swelling 

sitic animalcules in the bodies containing adult female, b, larvae attacking a root 

of domesticated animals. 

Some ailments of cultivated plants are also the result of the 
attacks of certain Protozoa One instance is afforded by “ finger- 
and-toe” or “anbury”, a turnip disease associated with curious 
deformation of the roots. It is due to the presence of one of the 
Fungus- Animals (Mycetozoa) >\ithin the tissues (i.e. Plasmodio- 
phora brassua). 




CHAPTER LXXII 


THE ZOOLOGY OF SPORT 


It is hardly necessary to remark that the literature of those 
forms of “sport” which depend upon the existence of wild 
animals is very extensive, and includes accounts of experiences 
and adventures in all parts of the world. Much of it is highly 
technical, most of it is anecdotal, and but a small part is the 
work of authors who represent the sportsman and naturalist 
combined. To name a selection of books for the benefit of ex- 
pert huntsmen and anglers is of course quite superfluous, but 
general readers may profitably refer to the following works: — 
The volumes of The Badminton Library, Fur and Feather Series, 
and The American Sportsman s Library', Izaak Waltons Com- 
pleat Angler', Selous’ A Hunters Wanderings in Africa', Sir 
Samuel Baker’s Wild Beasts and their Ways and Wit^ Rifle 
and Hound in Ceylon \ The Big Game of North America, English 
Sport, Sport in Europe, and The Sports of the World, edited re- 
spectively by Q. O. Shields, Alfred E. T. Watson, and (the two 
last) by F. G. Aflalo. 

We have already had occasion to notice (p. 208) that the 
first stage in the evolution of civilization was represented by the 
primeval hunter and fisherman, a stage still in evidence to-day 
among various savage races. But our remote prehistoric ances- 
tors, like modern savages, were “pot-hunters” rather than sports- 
men, while the intimate knowledge they must have acquired of 
the habits of wild animals imparted a certain flavour of the 
field naturalist. Many primitive races have also had, and 
some still have, to defend themselves and (in the pastoral and 
agricultural stages) their domesticated animals from the attacks 
of predaceous forms. Even when hunting and fishing were 
necessary for existence, iiowever, a good deal of pleasurable 
excitement must have attadied to the pursuit of wild animals, 
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rivalry and emulation playing no unimportant part in the matter. 
When the further evolution of civilization diminished the material 
importance of hunting and fishing, these arts continued to be 
pursued for pleasure as well as for profit; hence the origin of 
modern sport. 

This is not the place to enter into a long disquisition regarding 
the ethics of field-sports, but such of them as deserve the name 
involve certain obvious fundamentals. There must be room for 
skill, the quarry must have a fair chance, and every precaution 
should be taken to prevent a miserable and lingering death on 
the part of maimed or wounded animals. The hunter of “ big 
game ” would no doubt add that “ the greater the danger the 
greater the sport ”. Selous, for instance, remarks (in The Sports 
of the World )'. — “ Lion-hunting by savages, armed only with 
spears or bows and arrows, must have been incomparably more 
dangerous, ar d therefore infinitely finer sport, than the pursuit 
of these animals by civilized man at the present day armed with 
modern rifles ”. On the other hand, it is quite possible for a 
recognized form of sport to become so highly artificial as to 
demand hardly more skill to make a “bag” than would be 
required to slaughter the inhabitants of the poultry -yard with 
a shot-gun. Under such circumstances “ massacre " and not 
“ sport ” would be the proper word to employ. 

Our pluck, vigour, and enterprise as a nation are undoubtedly 
due in no small degree to the influence of field-sports, and to 
entirely exclude these from our national life, as some would have 
us do, on the ground of cruelty to animals, would be as inex- 
pedient as it is impossible. On the other hand, the view of the 
matter which suggests that it is rather a pleasure than otherwise 
to be hunted may be regarded as a little optimistic. Lady 
Augusta Fane, for example, makes the following remarks on 
fox-hunting (in English Sport ): — “Worthy folks who fancy that 
they are more humane than their neighbours write about the 
cruelty of fox-hunting, drawing fancy pictures of a poor, timid, 
terrified little creature pursued by savage dogs, ruthless viragoes, 
and brutal men! As a matter of fact, foxes constantly live to a 
green old age, and defeat their pursuers season after season. 
They do not even pretend to be frightened. How often we 
have seen a fox break out of covert, look around, give himself 
a good shake, and, whisking his brush, trot off without the 
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slightest sign of fear! He knows where he means to go, and 
all the safe refuges en route \ and if he gets tired he is familiar 
with the woods, where he can find a friend to take his place.” 

The limited space here available must necessarily be devoted 
to briefly reviewing the animals which are of importance from 
the sporting stand-point, including those which assist man in 
the chase. Mammals, Birds, Reptiles, and Fishes are the only 
groups with which w'e are concerned, though the “ naturalist ” 
who hunts down insects or the like merely to add to his collec- 
tion is more of a sportsman (in a very small way) than a man of 
science; often, however, he is neither! 

MAMMALS (Mammalu) AS AIDS TO SPORT 

It is a natural consequence of the slow rate of human loco- 
motion that several Mammals have been pressed into tht‘ service 
of man in order to make up this deficiency, or, it may be, 
reduce the element of danger. From time immemorial, in many 
sorts of sport, horse and elephant have saved him the work of 
using his own legs, while dog t>r falcon have pursued the (juarry 
and tackled it at close quarters. 

The Horse (Equus caballus). — The combinatioiwjf intelli- 
gence and speed by which the horse is characterized, and its 
susceptibility to thorou^ domestication, have naturally led to its 
large emplo)'’ment in the chase. The extraordinary way in which 
the long-continued influence of man has resulted in the productic^i 
of widely different breeds of the same kind of animal is here very 
strikingly exemplified, A well-bred hunter combines to perfec- 
tion the two desiderata of speed and endurance, and it is, to all 
intent and purposes, a product of human ingenuity, without 
which many forms of sport would be comparatively tame and 
featureless. It may also be remarked in passing, that without 
highly specialized breeds of horses certain forms of sport which 
do not depend upon the existence of a quarry, such as horse- 
racing and trotting, could never have attained their present high 
pitch of perfection. By the practice of what may almost be 
called a species of artificial evolution, man has been here able 
to further his own ends in a remarkable manner. 

The Indian Elephant (Elephas Indicus). — The use of this 
animal in tiger-shooting is too well known to need description. 
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It is here not so much a question of speed as of size and 
strength, by which otherwise impracticable ground can be tra- 
versed, while the p)ersonal risk of the sportsman is reduced. On 
the other hand, an element of different kind is introduced by the 
nervousness and uncertain temper of the elephant, both of which 
are decidedly in favour of the quarry. 

The Dog (Canis familiaris). — The Dog has been the com- 
panion of man in the chase from the remotest times, and to all 
appearance keenly shares in the exhilarating pleasures of pursuit. 



Fig 196a— PoiBt«r 


He has proved singularly susceptible to the selective influence 
of man, practised for unnumbered centuries, the result of which 
has been the evolution of a very large number of breeds, many 
of which have been brought into existence for sporting pur- 
poses. We know that the ancient Egyptians possessed several 
breeds of dogs, one of which was a sort of white hound (see p. 
222) used in hunting antelopes, for which sport a similar kind 
of dog is to this day employed in North Africa. They also 
used packs of mixed character, though the nature of the breeds 
is doubtful. Upon the Assyrian sculptures we find hunting- 
mastiffs and greyhounds figured, while inscriptions inform us that 
still other breeds existed, some of which appear to have been 
used in sport. 

Sporting Dogs {Canes venatici) ot various kinds were possessed 
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by the ancient Romans, some hunting by scent {nare sagaces), 
while others, more fleet {pedibiis celeres\ were let slip when the 
game was in sight. 

To enumerate all the existing breeds employed in sport would 
be both tiresome and unnecessary. The names of many, e,g, 
fox-hound, deer-hound, and otter-hound, to some extent serve as 
an indication of their character. The exaggeration of natural 
instincts in artificial directions would appear to have led to the 



original act of “pointing” was simply the pause which a car- 
nivorous animal often makes before springing upon its prey. 

It is further interesting to note, that when we employ a pack 
of hounds to hunt down an animal by scent we are simply 
making use of the natural methods used by similar forms, when 
wild, in the pursuit of prey. 

The Cheetah, or Hunting Leopard (Cynailurus jubatus, 
fig. 1261). — This long-legged animal, which is enabled by its 
fleetness to capture prey in a more straightforward way than is 
usual among felines, is employed by the native dignitaries of 
India for coursing antelopes. In former times this variety of 
sport was practised very largely, and is of ancient origin, having 
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been known to the Persians so far back as 865 b.c., while at a 
still earlier period it was familiar to the Assyrians. 

The P'erret. — The slender bodies of the bloodthirsty mem- 
bers of the weasel kind enable them to pursue their prey under- 
ground, and advantage is taken of this peculiarity when rabbits 
are driven from their burrows by means of Ferrets, which are a 
domesticated variety of the Pole-Cat {Putorius fcetidus), 

BIRDS (Aves) as aids TO SPORT 

Certain Birds of Prey have been employed from very remote 
times in the pursuit of wild animals, mostly other birds, but the 
art of Falconry in Europe has steadily declined since firearms 
came into general use. Another contributing cause has been 
the gradual increase of the area under cultivation. Lord Gran- 
ville Gord(*n (;n Sport in Europe) thus speaks of the antiquity 
and wide popularity of this form of sport: — “ Records of hawking 
and falconry are supplied in the writings of Pliny and Aristotle. 
In Japan, in India, Arabia, Persia, and Syria, we can find it 
has been practised, and in our own Middle Ages stringent laws 
were passed referring to It. Haw'ks and falcons w'ere allotted 
to men according to their rank and station. An earl had a 
peregrine, a yeoman a goshawk, a priest a sparrow-hawk, and 
so on. The king of birds in falconry in our Middle Ages was, 
and even now is, the peregrine, and the noble game at which 
to fly this bold and splendid bird was the heron; but I do not 
think this form of sport is followed any longer in oui island.” 
Hawking for rooks or larks is still, however, to be included in 
the list of British sports. 

WTat may be termed a magnified variety of falconry is prac- 
tised by the Kirghiz of the Asiatic steppes, the “ falcon ” in this 
case being no less noble a bird than the C'lolden Eagle, vv^hile the 
quarry is often the fox or the wolf (fig. 1262). 

MAMMALS (Mammalia) HUNTED FOR SPORT 

Flesh-eating Mammals (Carnivora). — The Lion {^Felis leo, 
fig. 1263) is undoubtedly the noblest quarry that falls to the 
rifle of the sportsman, while the attendant danger and excitement 
appeal so strongly to those who engage in this form of sport that 
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it will be popular so long as lions continue to exist Regarding 
the antiquity and characteristics of the pursuit Selous makes the 
following remarks (in The Sports of the World )'. — “ Lion hunting 
must undoubtedly be reckoned amongst the most ancient and 



Fig. r*6i.— Kn^m hoatiiig Um Wolf with the Goldon Eagle 


time-honou-ed of all field-sports, for ages and ages before the 
days when Assyrian kings pursued the king of beasts for 
pleasure, and shot him with bow and arrow from their light two- 
wheeled chariots, the prehistoric races of man, inhabiting the 
whole of Africa, as well as large areas in Asia and Europe, 
must have hunted lions as a sporting necessity, in defence of 
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their flocks and herds as well as of their own lives. . . . Speaking 
generally, it is a difficult matter to find and hunt lions in the 
daytime, and shooting them at night cannot be called hunting. 
Lion hunting on horseback, as it used to be commonly practised 
in South Africa, is the most exciting form of big game hunting 
I have had experience of, as lions almost always turn vicious 
when chased on horseback, and charge freely, and whether you 



are galloping after a lion or a lion is close behind your horse’s 
heels, your nerves are kept strung as long as the hunt lasts. It 
will be many a long day yet before the lion has ceased to haunt 
the wilds of Africa, but when that day comes, one of the grandest 
forms of wild sport will also have become a thing of the past” 

The hunting of the Tiger {Fe/is tigris] ippears at the present 
time to be an increasingly rare and expensive form of sport, when 
conducted in an orthodox way with numerous elephants, some 
for beating, and others with howdahs for the accommodation 
of the actual huntsmen. In some parts of India packs of dogs 
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also help in the sport, and are more feared by the quarry than 
one would be apt to imagine. Advantage is also often taken 
of the fact that the tiger is not a climbing animal to shoot him 
from a secure station in a tree, a goat or buffalo-calf having 
been previously tied up within easy range to serve as a “ bait 
Although justifiable for the destruction of man-eaters, this can 
hardly be dignified by the name of “ sport 

The different species of Bear {(/rsus) are hunted, and also 
slaughtered in a variety of ways, but do not take a very high 
place in the estimation of most sportsmen. In parts of 'Russia, 



Fif 1964.— Fox (Camtr vu//ts) "jf f ^ 


for example, Brown Bears {Ursus arclos) are considered to be 
“ vermin The Lapps, however, do not hesitate to attack this 
animal in its den, a method sufficiently dangerous and exciting to 
satisfy the most exacting in such matters. 

The European Wolf {Cam's htbus) is the object of more than 
one form of popular Russian sport. A favourite variety involves 
the use of fox-hounds and wolf-hounds, the former being em- 
ployed for drawing the coverts, and the latter for the actual 
work of coursing. As previously mentioned (p. 369), the Kirghiz 
practise a species of falconry, of which the wolf is a favourite 
quarry. 

The Fox {Cants vulpes, fig. 1264) is familiar to all as the 
object of one of the most popular, sociable, and exhilarating 
forms of British sport, but Lord Granville Gordon tells us (in 
Sport in Europe) that “ it is doubtful if fox-hunting can long 
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continue in a congested country like England. Bad agricultural 
seasons and barbed wire point to its doom.” Otter-hunting is 
undoubtedly a declining sport in Britain, on account of the in- 
creasing diminution in numbers of the quarry. 

Elephants (Proboscidea). — Wild PLlephants, whether African 
or Indian, naturally take high rank among “ big game ”, chiefly 
because their enormous strength, and great ferocity when thor- 
oughly aroused (especially if they are rogues ”), are liable to 
make them exceedingly dangerous antagonists. But the great 
perfection to which firearms have now attained render even these 
great beasts no match for the most destructive member of the 
Mammalia — Man. 

Hoofu) Mammals (Ungulata). — Rhinoceroses, of course, 
reckon as “ big game ”, and, as a rule, seem to be inoffensive 
enough, though sufficiently dangerous when wounded. Under 
such circumstances the two-horned W hite and Black Rhinoceroses 
of Africa [Rhinoceros siinus and Atclodii^ buornns') bring the long 
front horn into action, while the one-horned Indian species (/?. 
/ndicns) can bite with terrible effect. 

The Hippopotamus [Hippopotamus amphibnis) is sufficiently 
formidable when attacked from boats to give it a place among 
sporting mammals. But to kill it with a rifle from a place of 
security on the bank of its native river is simply a variety of 
target-shooting. 

Among the many other Ungulates that are pursued for sport 
some are especially esteemed on account of their pluck and 
dangerous qualities, e.g. the African or Indian Buffaloes and the 
Wild Boar, while the great speed or agility in climbing of others 
furnish the requisite zest to the chase, as in the case of Deer, 
Antelopes, or Ibexes. 

The joys and dangers of “ pig - sticking ”, as pursued with 
reference to the Wild Boar [Sus scrofa) of Europe, his Indian 
cousin [S. cristata)j and the African Wart-Hog [Phacocheerus), 
have been fully described by many authors, and need no mention 
here. Regarding the Peccaries [f>ico(y/es) of America, something 
has already been said (see p. 334). 

To give here even a brief account of the numerous swift 
runners or active climbers which belong to the Ungulata, and pro- 
vide many varieties of sport, is both impossible and unnecessary. 
Among them the Red Deer [Cervus elaphus, fig. 1 265) may perhaps 

VOL IV. 119 
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be given first place, at least from the English stand -point, and 
though the glories of stag-hunting have faded so f<u as Britain is 
concerned, innumerable trophies still attest the important place it 
once held in our national life. Deer-sUilking in the “ deer forests ” 
of Scotland is excellent sport, but not comparable to hunting 
the wild animal in the old-time fashion, which, in this country, 
is now only possible on Exmoor. Regarding a third variety of 
the sport once popular in Britain Lord Granville Gordon makes 
the following very apposite remarks (in Sport in Europe^ True 
we can still pursue him in what might be 
described as a pickled state, with ho»‘ns shorn 
off, around the purlieus of Windsor, or in 
one or two other places, but, pleasant though 
the run may actually be, the ‘ sport ' cannot 
stand close investigation, for sport consists 
in the strategy and skill of man in pursuing 
and capturing a wild animal It loses all 
its charm and all its poetry when the game 
is first, as it were, tethered’'. Wild Red 
Deer are fortunately more numerous in other 
parts of Europe, €.g. in Hungary, than in 
Britain, but stalking and driving are ^i most 
cases the chief methods cmplo)ed The 
following remarks by Paul Caillard (m 7 he 
F, ..6^-K.du.rT^, of ^^0 World) are of interest as 

^ 7 ^ showing that stag- hunting is to this day 
piactised in France on a considerable scale — “ If hunting gener- 
ally is known as the ‘ sport of kings then surely is stag-huntmg 
particularly associated with the memories of mediseval courts, 
and, although some might not perhaps expect it, modern France 
preserves above all other lands the tradition and even the out- 
ward forms of the ancient ckasse. ... In many of our French 
forests it would be as great a heresy to kill a deer otherwise 
than before the hounds as ever it would on Exmoor, and many 
visitors to our meets have expressed their pleasure at the survival 
of such picturesque sport.*' 

Gnawing Mammals (Rodfntia). — Coursing the Hare with 
greyhounds is a very ancient form of amusement, which appears 
to have been indulged in by the Assyrians (fig. 1266). We next 
hear of it in Greece, and many details are given by Arrian (born 
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A.D. 90) in his work on coursing. The ancient Gauls were ex- 
perts in this form of sport, which was probably introduced into 
Britain from their country. With us, however, it is now almost 
entirely replaced by hare-hunting with harriers, which supplies 
much of the interest of fox-hunting at considerably less expense. 
We know from Xenophon (b.c 400) that the ancient Greeks in 
his time pursued the hare with two kinds of dog, the nature of 
which is doubtful, though they were certainly not greyhounds. 
It is hardly necessary to add that the sporting value of the 
Hare is found in its great speed, coupled with considerable in- 
genuity in “doubling”, calculated to baffle even the swift grey- 
hound. 

The passion for sport, which is so thoroughly British, is 



Fig I Hares coui>e<i b\ Gre> hounds, as depicted on the edge ot an Assynan bronre dish. 

gratified and kept alive among those with slender means by the 
possibilities which the inexpensive Rabbit {Lefius cuniculus) offers. 
I'he use of the h'erret has already been indicated (see p. 369). 
Nor even here do we reach the lowest plane, for the Brown Rat 
[Mus decuman us) undoubtedly seems to minister in no small 
degree to the sporting instincts of a considerable fraction of the 
community, though it would not be admitted into an orthodox 
work on Sj>ort. 

BIRDS (Aves) hunted FOR SPORT 

In the palmy days of falconry the Grey Heron [Ardca cinered) 
was, of course, the chief bird pursued for sport, but hawking 
(for Rooks, Larks, &c.) is now practised by the few (see p. 369), 
having fallen from its once high estate owing to the introduction 
of and constant improvement in firearms. Among the numerous 
species w'hich now fall victims to the art of the gunner the Game- 
Birds (Gallin/e) take first place, and of these, in this country, 
three are pre-eminent, i,e. Pheasant {Phastauus Colchicus\ Red 
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Grouse {Lagopus Scoticits\ and Partridge {^Pcrdix cinerea). Other 
well-known members of the group are: Capercailzie (Tctrao 
urogallus\ Black Grouse {Lyrnrus tctrix)^ Ptarmigan [Lagopus 
mu Ins), and Quail {Coturnix commuuis\ 

In many kinds of shooting one is rather inclined to think that 
things are made too easy for the gunners, not all of whom can 
be called good shots, and the size of the “ bag ” too often appears 
to be the object of overmuch attention. It is clear that both 
these tendencies greatly diminish the true “ sporting ” element. 
The following quotations show that some sjx)rtsmen are inclined 
to compare our own methods unfavourably with those of “ the 
good old days”. Nicholas I^veriti (in 7V/e Spor/s of the JVorld) 
thus speaks on the point: — “ In L'.ngland, in the old days, our 
forbears were wont to sally forth in the early morning, before 
the autumnal dews had left the grass and undergrowth, accom- 
panied by their favourite pointers, setters, or spaniels, to double 
the hedgerows and to hunt the commons and likel\ places for 
ph(‘«isants, whe.., if tlu‘\ obt.iined as many single birds as some 
of the modern school of sportsmen now' recjuirc hundreds, they 
would return home contented with their bag and lot”. 'I'he 
Marf|uess of Granbv pn Jiug/i.sh Spoii) speaks still more strongly: 
— •• But, nevertheless, it is opiMi to (juestion v\hether tiiere is as 
much real keenness about working for their s[)ort amongst the 
younger generation of gimners as there used to be twenty or thirty 
years ago, let alone a century. A wild, rough day’s shooting 
does not nowadays ap[)arently appeal to many. d'he large 
majority of gunners would not say ‘thank you’ for the offer 
of such a day’s .sport. It wcMild look as if the dcIibcTatcly com- 
petitive .system of shooting, which now' so largely prevails- by 
which I mean that very often the owner of one shooting- place 
seems to vie with the next-door one as to the amount of game 
he can kill oft' his property, and af)pears seriously annoyed if he 
hears that anyone round about him has had an exceptionally 
heavy day’s sport, or one better, as regards numbers, than any 
he can produce — has to a great extent unfamiliarized the rising 
and just risen race of sportsmen w'ith those days when hard walk- 
ing, and consequently good condition, coupled with some know- 
ledge of wood and held craft, w'cre necessary if any satisfactory 
results were to be obtained.” 

The Red Grouse {Lagopits Scoiicus) is a game-bird of par- 



RED GROUSE {luigopus Scoitcus) GLIDING U 
TO THE GUNS 


The Red Grouse or Muirfowl is here selected for illustration not 
only on account of its importance as a game bird, but also because 
It IS the only member of its class peculiar to our islands In Great 
Britain it ranges from the Orkneys to Shropshiie and (jlamoigan, 
and IS also found in Ireland, though less abundantly The Red 
Grouse is closely relaud to the Willow (.jiouse a^opus albus\ 
which ranges right round the colder paits of the Northern litmi 
sphere, but it does not, like this species and the Ptarmigan (Z. 
mutHs\ turn white in winter, though there aic seasonal cninges in 
tb pit** It IS popularly supposed that the date at which 

grouse- shooting begins determines the using of Paiiuunent, and 
although the notion is erroneous its ori^^in is not far to seek 

ns 




RED GROUSE (LAGOPUS SCOTICUS) GLIDING UP TO THE GUNS 
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ticular interest, as it happens to be peculiar to Britain. The old 
method of “walking** has now mostly given place in this country 
to “driving**. The latter practice, curiously enough, is more 
favourable to the maintenance of sufficient numbers on a grouse- 
moor than the former. It is suggested that when the birds are 
driven the old ones are the first to glide up to the guns, so that 
the undue destruction 
of immature indivi 
duals is obviated 
Besides which the 
old birds are said to 
be so quarrelsome as 
seriously to interfere 
with the domestic 
plans of their juniors. 

Perchin" Birds 
(Passeres). — Hawk- 
ing for Rooks {Corvus 
/rugtiegus) and Sky- 
Larks {Alauda ar- 
vensts) has already 
been mentioned (see 

p 369)- 

Plovers ( Limi- 
col^). — Woodcock 
{Scolopax rushcola) 
and Snipe {Galltnago 
coslestis) are familiar 
sporting birds. 

Bustards (Alec- 
TORiDEs).— The Great 
Bustard (Otis tarda), once a native of Britain, affords good 
sport in several European countries, including Hungary, Russia, 
Roumania, Spain, and Portugal. The Little Bustard (O, tetrax) 
is also the object of sporting attentions. 

Ducks, Geese, Swans, and Flamingoes (Anseres) — The art 
of wild-fowling is lai^ely applied to the members of this group 
(also to Woodcock and Snipe) on inland waters, in swampy dis- 
tricts, and along low shores. Our own Norfolk Broads furnish 
an example. In sport of the kind punting plays a large part 



Fig^is67 — Fbimngoet [Pktnucc^itruM rtseta) 
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The Flamingo {Pkasnicopterus roseus, fig. 1267) is one of the 
most interesting birds that falls to the gun of the fowler in the 
Peninsula. Chapman & Buck (in Wild Spain) thus describe the 
method pursued: — “Flamingoes are always shy and watchful 
birds, and their great height gives them a commanding view of 
threatening dangers; but there are degrees in intensity of wild- 
ness, and despite the unquestionable difficulty of flamingo-shooting, 
we would certainly not place these long-necked birds in the first 
rank among impracticable wild-fowl. Wild geese, for example, 
many of the duck-tribe, and nearly all the larger raptores far 
exceed them in incessant vigilance and downright astuteness. 
Flamingoes, however, will not, as a rule, permit of approach by 
the ordinary Spanish method of the stalking-horse, or cabresto: 
while the treacherous pony is still two gunshots away, the warning 
croak of the sentries is given, and at once the whole herd start to 
walk away, opening out their ranks as they move off. The method 
we found most effective to secure them was by partially surrounding 
a herd with a line of mounted men, who rode far out beyond them 
and then drove them over our two guns, each concealed behind 
his horse and crouching knee-deep in water. Of all the dirty 
work that wild-fowling in its many forms necessitates, this fla- 
mingo-driving takes the palm. It is mud-larking pure atid simple, 
man, horse, and gun alike encased in a clinging argillaceous 
covering like the street-TVrab amphibians below London Bridge. 
It is a fine sight to see a big flight of flamingoes, say five hundred, 
coming well in to the gun — entrando bien d la escopeta\ The whole 
sky is streaked with columns of strange forms, and the still air 
resounds with the babel of discordant croaks and cries. How 
wondrously they marshal those long uniform files, bird behind 
bird, without break or confusion, and how precisely do those 
thousand black wing-points beat in rapid regular unison! Fla- 
mingoes are not ‘hard' birds: their feathers being loose and 
open, and the extremely long neck a specially vulnerable part, 
they may be brought down from a considerable height even with 
small shot." 

REPTILES (Reptxlia) HUNTED IN SPORT 

About the only Reptile that can be considered as furnishing 
anything in the nature of sport is the American Alligator 
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{Alligator Mississippiensis), native to the south-eastern part of 
the United States. The “ ’Gator" is shot from the bank or from 
a boat, and is sometimes attracted by tying up a dog as a bait. 

FISHES (PI.SCES) HUNTED IN SPORT 

The “ gentle craft ” has always had, and always will have, a 
large number of supporters. It of course finds its highest ex- 
pression in fly-fishing, as applied to species the capture of which 



Fig 1268 — Gi^Iiiig rhymallus xntlgarts) 


calls for the exercise of patience, skill, and other sportsmanlike 
qualities. 

Salmon (Salmo salar) and Trout (5. fario, &c.) are generally 
regarded as taking first rank among game-fishes, and the Gray- 
ling {Thymallus vulgaris, fig. 1268) may also be given an 
honourable place. H. A. Rolt’s appreciation of the last-named 
fish (in The Sports of the World) is well worth quoting, especially 
as the pleasures of angling for Grayling are much less familiar 
than the joys of the fisher for salmon or trout; — “ It is remarkable 
what a peculiar fascination there is in connection with the capture 
of the grayling with the artificial fly. Some men who have 
killed hundreds of trout fall hopelessly in love with the sport 
the ‘ gray lady of the stream ’ affords from the very first moment 
they enter the lists against it, and infinitely prefer the autumn 
and winter pastime it provides to any other branch of angling. 
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The enthusiasm and all-absorbing interest it evokes in the angler 
are incomprehensible even to many disciples of the good and 
observant Walton himself, for to sally forth, fly -rod in hand, 
when the ground is hard with frost or the fields are white with 
snow, seems to them to savour somewhat of folly and madness. 
In the soft, bright spring-time it is delightful to wander by the 
rippling stream and stalk the spotted trout, to the accompaniment 
of the glorious melody of birds — to watch the budding foliage 
bursting into new life, and gaze upon the river shining like gold 



Fig 1*69 —Pike (Esox /ucims) 


in the dancing sunlight. On quiet, restful summer evenings, 
too, the splash of the fish as they enjoy an abundant feast of 
Duns is the sweetest of music to the angler’s ear, and he may 
perchance induce his quarry to look with favour upon the arti- 
fically-dressed copy of the fly he offers them, and grass a brace 
or two of lovely specimens ere darkness compels him, as a 
thorough sportsman, to leave the stream. But it is amid different 
and far less exhilarating surroundings that the grayling fisher’s 
labours begin and are continued to the end. As autumn 
approaches, the rise of fly becomes sparse and erratic, and when 
September’s days are out, the trout fisher finds his occupation 
gone. Thymallus steps in to fill what would otherwise be a 
great gap in his piscatorial life. But for the grayling, his rods 
would hang upon the wall during the long winter months. 
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* a mournful, half-accusing row \ unused, and perhaps uncared 
for.” 

Some of the “ coarse fish ” also provide good sport, particularly 
the Pike {Esox iuciusy fig. 1269), the Barbel (Barbus vulgaris)^ 
and the Perch (Perea fltcuiatilis\ 

Sea -fishing in many forms also has innumerable votaries. 
If size, strength, and game qualities are taken as the criteria, 
the great Tarpon (Megalops thrissotdes\ common off the coast of 
Florida, must be given a prominent position. It is to all intents 
and purposes a gigantic herring, which may be as much as five 
feet in length; and W. H. Grenfell says of it (in The Sports of the 
World) that “. . . until a new sporting fish is found I think 
the tarpon in the sea, as the salmon in fresh water, can still 
claim to be the most exciting quarry of the angler with the rod 
and line”. Fishing for the Tunny ( 07 'cynus thynnus) off the 
south coast of Spain would also seem to be a worthy occupation 
for the brethien of the rod, and specimens captured in this way 
have scaled as much as 50 pounds. 

Among native marine fishes, the Grey Mullet (Mugtl capita) 
and Bass (Labrax lupus) are perhaps the most esteemed, on 
account of their sporting qualities and the difficulties attending 
their capture. Both frequent estuaries, and the Bass is a near 
relative of the Perch 
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It is the merest commonplace to say that a considerable 
number of animals are either domesticated or kept in captivity 
as pets, and those which have perhaps the best right to the 
name simply afford “gratification to human tastes, or, it may be, 
serve as objects of affection. In the latter case the pet-keepers 
may either have a genuine liking for animals, or else the over- 
fed lap-dog, the spoilt feline, or the loquacious parrot may be 
the recipient of caresses that under different circumstances might 
have been bestowed upon some specimen or other of that alleged 
highest Mammal — Homo sapiens, 

MAMMALS (Mammalia) AS PETS 

Monklys (Primates),— On account of their intelligence n^ny 
species of Monkey find favour as pets among both civilized and 
uncivilized races. But most of them are so terribly mischievous 
that only a sailor or the late Frank Buckland could put up with 
their pranks for any lengthened period. It is said that even 
Buckland found his two favourites, “Tiny" and “The Hag", 
trying at times, and a friend recommended him to build a cage 
for himself in the middle of his study. It is interesting to note 
that the keepers in Zoological Gardens often make great pets of 
their charges, especially when these happen to be intelligent apes, 
as, e,g,, Chimpanzees (fig 1270). 

The Marmosets are attractive little creatures, so far as 
appearance goes, and are not infrequently kept as pets; but they 
are rather lacking in intelligence, and apt to impose a tax on 
the olfactory organs. 

Flesh-eating Mammals (Carnivora). — The fact that this 
order includes both Dog and Cat makes it of primary im- 
portance from the present stand -point 
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The Dog {Cams familiarts), man’s earliest friend among 
the animals, is undoubtedly the “king of pets", for even the 
commonest mongrel is full of intelligence, and overflows with 
affection for his owner, even when subjected to much ill treatment, 
as is but too often the case. Among the breeds which have 
been brought into existence simply to be petted may be men- 
tioned — the Italian Greyhound, the Pug (a diminutive and 



Kig i»7o —Young Chinpnniee {Antkrefo^itkecMS ntter) 


particularly ugly relative of the mastiff, fig. 1271), the King 
Charles Spaniel, the Skye Terrier, the “Toy" Terrier, and the 
Poodle. The last is particularly clever in learning tricks, as 
may often be noted in exhibitions of performing dogs. The. 
Dalmatian and the Hairless Dog of Japan are both curiosities 
in their way. No better example than these and other breeds 
of Dog could be given to show the effect of human interference 
upon the normal course of evolution. Modifications in shape, 
size, proportions, colour, hair, and even temperament have ^n 
brought about within a comparatively short space of time, in a 
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way that suggests nothing so much as “ clay in the hands of the 
potter”. By taking advantage of variations that occur naturally 
it is possible to “make to order” almost any desired pattern of 
the canine race. 

The Cat (Felis domeshcus ). — The differences between the 
various breeds of this animal are by no means so striking as 
those existing between the different sorts of dog, and chiefly relate 
to colour, character of the fur, and relative length of the tail. It 
has been suggested that the stripes of the “tabby” indicate a 

strain derived from the 
ordinary Wild Cat (Felis 
of Europe. Among 
both wild and tame ani- 
mals it is not uncommon 
to And individuals in 
which pigment is either 
present in excess, or else 
lai^ely deficient. Illustra- 
tions of this are afforded 
by “ nigger ” rabbits and 
white blackbirds. Such 
“ sports ” are respectively 
described in t^hnical 
language as examples of 
“ melanism ” and “ al- 
binism” The jet black 
cat once associated with 
magical practices, and the pure white pussy with blue eyes are 
thus classed. Why albino cats should be usually deaf, as appears 
to be the case, is as yet unexplained. The long and handsome 
coats of the Persian or Angora Cats (fig. 1272) renders them 
great favourites among those who admire felines, though they 
seem rather apt to be short-tempered, if one may be permitted 
to say so. 

That the indigenous cats of the Isle of Man are devoid of 
tails is known to all; some of the Crimean cats are said to be 
similarly deficient, and the same peculiarity has been noticed in 
some Japanese individuals. Lydekker (in The Royal Natural 
History) thus speaks of some other peculiar varieties: — “ In Siam 
there is a breed of cats reserved for royalty, characterized by 
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their uniform, and often dark, fawn colour, their blue eyes, and 
the presence of two or more perfectly bald spots on the forehead. 
Siam, together with Burma, also possesses a breed known as the 
Malay cat, in which the tail is but of half the usual length, and 
is often, through deformity in its bones, tightly curled up into 
a knot." 

The present writer is not a great lover of cats, but, desiring 
to be just, adds the following appreciation by Romanes (in Animal 
Intelligence of this domestic carnivore: — “The cat is unques- 
tionably a highly intelligent animal, though, when contrasted 



F ig —Persian Cat 


With its groat domestic rival the dog, its intelligence, from being 
cast in quite a different mould, is very frequently underrated. 
Comparatively unsocial in temperament, vvanderingly predaceous 
in habits, and lacking in the affectionate docilil) of the canine 
nature, this animal h.is ncxe? m am considerable clcgiee been 
subject to the psychological transforming mlluenccs whereby a 
prolonged and intim.ite association with man has so [irofoundly 
modified the [)s\cholugy of the dog Ne\ erthelcss, the cat is 
not only by nature an animal remarkable for inteiligence, but, 
in spite of its naturalh imposed disadvantage of tenqierament, 
has not almgether escaped those privileges of nurture which 
unnumbered centuries of domestication could scarcely fail to 
supply. Thus, as contrasted with most of the wild species of 
the genus when tamed from their youngest days, the domestic 
cat is conspicuously of less uncertain temper towards its masters 
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— the uncertainty of temper displayed by nearly all the wild 
members of the feline tribe when tamed being, of course, an 
expression of the interference of individual with hereditary 
experience. And, as contrasted with all the wild species of 
the genus when tamed, the domestic cat is conspicuous in alone 
manifesting any exalted development of affection towards the 
human kind; for in many individual cases such affection, under 
favouring circumstances, reaches a level fully comparable to that 
which it attains in the dog."' 

Passing notice may be given to the Mangoustis or Mongooses, 
also known as Ichneumons, of which one, the Egyptian Mongoose 



• ig **73 InauiMung sc Herftitet grtuns 


{^Herpestcii ichneumon), has been domesticated in Egypt from time 
immemorial, while the common Indian Mongoose [H. gnseus, fig. 
1273) is commonly kept as a pet in its native country, and appears 
to be both intelligent and affectionate. The latter species is 
known to the readers of Kipling as “ Rikki-tikki 

Gnawing Mammals (Rodentia). — Human influence has re- 
sulted in the production of a large number of varieties of Rabbits, 
Rats, and Mice, some of which have been alternately tended 
and neglected by almost every boy. Upon the Rabbit {Lepus 
cuniculus) one of the most remarkable results of domestication 
has been, in certain breeds, the great elongation of the ears, 
and the drooping position they have assumed. There has alsc 
been a large amount of variation in the colour and character o 
the fur. 

The various domesticated breeds of Rat i^Mus rhttus) and 
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Mouse {M. musculus) differ chiefly from one another in colour. 
The curious evolutions of “waltzing mice” appear to be due to 
defects in the structure of the internal ear. 

Among other rodents serving as pets may be mentioned- -the 
Alpine Marmot {^Jlrciomys marmotlA), the Dormouse {Muscardhius 
ivcl/anarius), the Squirrel (Sciurus vulgar is), and the Guinea-Pig. 

BIRDS (Aves) as pets 

Th(‘ number of species represented among pet-birds, includ- 
ing tho^e which are better described as “captives”, is very large 
iiuleecl, and it will be unnecessary to mention more than a few 
of them. 

Pi f<( III NO Birds (Passeres). —Many of these are domesticated 
on account of their beauty or vocal powers, or both, and not a 
few ot these have exchanged the sweets of liberty for a small 
and uncomfortable cage. To treat small birds in this fashion is 
scarcely less than criminal. Large aviaries, of course, arc on a 
somewhat different footing. F*ortunateIy the objection does not 
apply to the most popular of all pet birds, the Canary (Serinns 
canajius, fig. 1274), of which countless generations have been 
brought up in captivity, and of which the numerous strikingly 
different breeds may almost be regarded as artificial products. 
Newton makes the following remarks about this bird (in A Dic- 
tionary of Birdii)’. — “It abounds not oiil) in the islands whence 
it has its name, but in the neighbouring groups of the Madeiras 
and Azores. It seems to have been imported into Europe very 
early in the sixteenth century. Turner in 1544 speaks of the 
birds ' quas ^Inglia aties canarias uocat\ a statement confirmed 
by the poet Gascoigne, who died in 1577, and speaks ... of 
‘ Canara byrds ’. Gesner had not seen one in 1555, but he gave 
an account of it ... , communicated to him by Raphael Seiler 
of Augsburg under the name of Suckenwge/e. The wild stock 
is of an olive-green, mottled with dark-brown above and greenish- 
yellow beneath. All the bright-hued examples we now see in 
captivity have been induced by carei.dly breeding from any 
chance varieties that have shown themselves; and not only the 
colour but the build and stature of the bird have in this manner 
been greatly modified. The change must have begun early, for 
Hernandez, who died in 1587, described the bird ... as being 
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wholly yellow (tota lutea), except the end of its wings. Of late 
the ingenuity of ‘the fancy*, which might seem to have exhausted 
itself in the production of top-knots, feathered feet, and so forth, 
has brought about a still further change from the original type. 
It has been found by a particular treatment, in which the mixing 



Fig. X274 — Cinane« {Sfrtmus canartus'' t. Wild fonn », common yellow. 3. crested variety 4, Scotch fancy 


of large quantities of cayenne -pepper with the food plays an 
important part, the ordinary ‘canary yellow* may be intensified 
so as to verge u[X)n a more or less brilliant flame colour. Birds 
which have successfully undergone this forcing process, and are 
hence called ‘ hot canaries *, command a very high price, for a 
large proportion die under the discipline, though it is said that 
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they soon become exceedingly fond of the exciting condiment.” 
Space forbids any attempt to describe the methods by which the 
German fanciers of the Harz valleys teach canaries the notes of 
other birds, or even various tunes. 

Another well-known and extremely pretty cage -bird is the 
Java Sparrow {Munia oryzivora), which has long been an object 
of domestication, and is distinguished by its extreme tameness. 

On account of their intelligence, sprightliness, and imitative 
powers, the Raven, jackdaw, Magpie, and Starling appeal to 
many persons more than Canaries and other small singing- birds. 
They are not, however, so frequently seen in captivity, partly on 
account of the thievish propensities of all but the last. 

Parrots (Psittaci). — Among the many species of this group 
which are kept in captivity, the common Grey Parrot {Psittacus 
eritkaais), native to tropical Africa, probably stands highest in 
public estimation. This is partly due to its extreme liveliness, 
but chiefly on account of the clever way in which it learns frag- 
ments of human speech, and imitates familiar sounds, such as the 
drawing of corks and the like. The often singularly malapropos 
nature of the remarks and sounds greatly increase their charm. 

Parrots have been known and appreciated for more than two 
thousand years as clever imitative birds, often with brilliant 
plumage. Some of the Indian species appear to have been 
those first known to Europeans, while the resources of Africa 
were exploited later on. Regarding this, Newton (in A Die- 
tio 9 tary of Birds) speaks as follows: — “That Africa had parrots 
does not seem to have been discovered by the ancients till long 
after, as Pliny tells us (vi, 29) that they were first met with by 
explorers employed by Nero beyond the limits of Upper Egypt. 
These birds, highly prized from the first, reprobated by the 
moralist, and celebrated by more than one classical poet, as time 
went on were brought in great numbers to Rome, and ministered 
in various ways to the luxury of the age. Not only were they 
lodged in cages of tortoise-shell and ivory, with silver wires, but 
they were professedly esteemed as delicacies for the table, and 
one emperor is said to have fed his lions upon them. . . . With 
the decline of the Roman Empire the demand for parrots in 
Europe lessened, and so the supply dwindled, yet all knowledge 
of them was not wholly lost, and they are occasionally mentioned 
by one writer or another until in the fifteenth century began that 

voL. IV. 110 
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career of geographical discovery which has since proceeded un- 
interruptedly This immediately brought with it the knowledge 
of many more forms of these birds than had ever before been 
seen, for whatever races of men were visited by European navi- 
gators — whether in the Last Indies or the West, whether in 
Africa or the islands of the Pacific — it was almost invariably 
found that even the most savage tribes had tamed some kind 



Fig 1275 Miciw (Wra) 


of parrot, and, moreover, experience soon shov^ed that no bird 
was more easily kept alive on board ship and brought home, 
while, if It had not the merit of ‘speech', it was almost certain 
to be of beautiful plumage.” 

One of the prettiest pets among these birds is the Grass- 
Parakeet or Budgerigar (Melopsittacns undulaius) of Australici. 
Yellow, green, and black are the chief components of the colour 
scheme, but the two central tail-quills are blue, and there is a 
patch of the same hue on either side of the face. 

The affectionate little Love-Birds are deservedly popular. 
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The name is properly applied to certain African species (of 
Agapornis), but it may also be taken to include the Parrotlets 
{Psittacula) of South America. 

The sprightly crested Cockatoos {Cacatuida) of the Australian 
region do not lack their admirers, while for gaudy coloration few 
birds surpass the long-tailed Macaws (species of Ara, fig. 1275), 
which range from Mexico into South America. 

REPTILES (Reptilia) AS PETS 

Reptiles make no appeal to the affections or fancies of most 
persons, though various species prove attractive to some. The 
ancient Egyptians, as everyone knows, regarded the Nile Croco- 
dile {Crocodilus Niloticus) as sacred, and made a sort of pet divinity 
of the creature, but this hardly comes within the scope of the 
present section. Some persons have a fancy for certain Snakes, 
such as our common and innocuous Grass-Snake (Tropidonotiis 
na/rix), and the Indian snake-charmers tame the Cobra {A^aia 
tripudians), actuated, however, by strictly business motives. Re- 
garding the latter, Gadow (in T/ic Cambridge Natural HLtory) 
speaks as follows: — “This cobra is used by Indian conjurers. 
The ‘ dance ’ is the habit of these snakes of erecting themselves, 
when agitated, upon the hinder third or quarter of their length, 
whilst they spread out the hood and sway the head and neck to 
the right and left, always in an attitude ready for striking. They 
are docile, and by nature not vicious. Most of the performing 
cobras have their teeth drawn, and they then know well that 
they cannot bite. T"hey only strike at the hand, just as uninjured 
specimens soon avoid biting into the iron rod with which they 
are lifted up in menageries. The drawing of the teeth is an 
operation which has to be repeated, since reserve-teeth soon 
take the place of the lost pair.” 

Various Lizards are or have been tamed, and some of them 
are very attractive, e.g, the beautiful Green Lizard {Lacerta 
viridis). The Common Gecko (Tarentola Mauritamcd) of North 
Africa and South Spain and Portugal often lives in houses in a 
half-domesticated condition, running over the walls and ceilings in 
pursuit of flies. And such lizards are sometimes actually tamed. 

The most familiar domesticated reptile in this country is the 
Grecian Tortoise {Testudo Graca), though it can scarcely be 
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called an interesting pet Gilbert White has immortalized one 
specimen, which was over forty years old when it came into his 
possession in 1780, and died fourteen years later. But, for lon- 
gevity, it would be hard to beat some of the huge land-tortoises 
which were at one time common in the islands of the Indian 
Ocean. Regarding one species {Testudo Suni^irei) Gadow makes 
the following interesting remarks (in The Cambridge Natural 
History)'. — “This kind is supposed to have been the species 
peculiar to the Seychelles. In 1766 five large tortoises were 
brought from the Seychelles to Mauritius by Chevalier Marion 
de Tresne. Of these only three were alive in 1898, two in 
Mauritius and one in London; the latter specimen soon died in 
the Zoological Gardens. One of the two survivors, the last, of 
their race, is famous. It was kept at Port Louis, and when 
Mauritius became a British possession in 1810 the tortoise was 
especially mentioned and taken over. It still [1900] lives there 
in the grounds of the barracks of the garrison. According to 
the proverbial oldest inhabitants, it had in 1810 already reached 
its present size, namely, a shell-length of about 40 inches, with 
a greatest circumference of ... 8 feet 6 inches. When walking 
it stands about ... 25.4 inches high, . . . and it can then carry 
with ease two full-grown men on its back. This old niale is now 
nearly blind, but is otherwise of regular habits and in good health. 
Although it has been known for nearly 150 years, it had to wait 
for its scientific name until the year 1892.” 

AMPHIBIAxXS (Amphibia) AS PETS 

Ordinary Toads and Progs have at times been subjected to 
domestication, and are by no means wanting in interest and in- 
telligence The pretty little (ireen I'ree-P'rogs of Europe {Hyla 
arborea) are less known as jx:ts than they deserve to be. In 
North and Central America the Horned Toad {Phrynoscmui) is 
subjected to a certain amount of domestication. 

FISHES (Pisces) AS PETS 

The greatest favourite in the aquarium is probably the Gold- 
Fish (Carassius auratus, fig. 1276), a kind of carp native to China 
and Japan. Domestication has eliminated dark pigment from its 
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skin, (dsiving only the golden-yellow hue from which its name is 
derived. Various monstrosities have also been produced, espe- 
cially the “Telescope Fish”, with eyes on short projections, and 
a large abnormal tail-fin. It is stated that the Gold-Fish was 
originally introduced into this country in 1691 

Another aquarium favourite is the Paradise- Fish (Polyacanthus 
iyindi-auratuSy fig. 1276), domesticated in China from very remote 








Fig Pet Fiihet. Gold Fish Cmrassita aurahu a IcksLope vanety ol same 

3. Paradise Fish [Pofyacamtkiu vtrtdt-awrahu) 

times, and only known in captivity. Its golden sides are cross- 
barred with red, and some of its fins are abnormally developed 
(see also vol. iii, p 427) 

The Siamese keep certain pugnacious fishes in captivity in 
order to enjoy the sight of their combats. 


INSECTS (INSECTA) AS PETS 

Some Insects are excitable, and can easily be induced to 
fight together. The ingenious Chinese kt p various species in 
captivity in order to enjoy these mimic combats. Their list 
includes Mantids, Beetles, Grasshoppers, and Crickets The 
same curious kind of amusement is practised to some extent in 
Italy. Nor must the evolutions of performing Fleas be forgotten. 




CHAPTER LXXIV 


UTILITARIAN ZOOLOGY— ANIMAL PRODUCTS USED FOR 
DECORATIVE PURPOSES— ANIMAL AESTHETICS 


W'^e have here first to consider the chief animal products 
employed for decorative purposes, and afterwards briefly to 
review the principles of Animal ^Esthetics. 

ANIMAL PRODUCTS USED FOR DECORATIVE PURPOSES 

A number of animal products which were originally valued 
by mankind chiefly as ministering to the primary necessities of 
life, now derive their main worth from the ornamental or decora- 
tive possibilities they present, or they are, at any rate, in increased 
demand on that account. Furs, horns, silk, and the skins of 
some birds belong to this category (see pp. 303, 3i«', 259, and 
308). 

We are especiall/ concerned in this chapter with products 
which from the first have been employed by way of ornament 
or decoration, sometimes also as a means of heightening the 
attractions of materials of other kind. 

Decorative Products of Mammals (Mammalia). — Some 
Mammals have been ruthlessly hunted down by man for the sake 
of the ivory furnished by their teeth. Prominent among these 
are the Elephants {Elephas), and, as will be gathered from fig. 
1277, the tusks of the African species may attain very large 
dimensions. The extinct Mammoth {E. primigmiui) Im also 
long been known as a source of “fossil ivory". The tusks of 
Walrus {Trichechits rosmarus) furnish a further supply, as does 
the long spirally-grooved “ horn ” of the male Narwhal (Monodon 
monoceros), of which two are occasionally present in the same 
animal. While the tusks of the Walrus are canine teeth, those 
of the other animals mentioned are incisors. 

SM 
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Many of the trophies of sport are decidedly ornamental, such 
as the skins of beasts of prey, the antlers of deer, the heads of 
fox or wolf, the prepared feet of the elephant, &c. &c. Among 
primitive races such things as necklaces of tigers* or lions* claws 
are greatly esteemed. 

Decorative Products of Birds (Aves). — The beautiful 
plumage of many birds seems always to have appealed to the 
human colour - sense or 
appreciation of form, and 
much slaughter of certain 
memlxirs of the feathered 
race has resulted on the 
part of savage races, often 
to minister to the vanity 
ol other races sometimes 
sup{>osed to be fully civil- 
ized. The trade in os- 
trich-feathers (see p. 251) 

IS a legitimate branch of 
the plume -industry, and 
nothing can be said 
against the use of the 
cast feathers of beautiful 
forms like the different 
species of Peacock. But, 
on the other hand, the 
wholesale massacre that 
takes place every year of 
many exquisitely lovely 
species, purely to satisfy 
the love of finery which 
has been inherited by civilized nations from barbarian ancestors, 
deserves the most unsparing censure. Birds of Paradise, Sun- 
Birds, Humming-Birds, and Egrets are prominent in the long 
list of victims. 

Decorative Products of Reptiles (Reptilia). — The skins 
of Crocodiles and various lizards are used for ornamental purposes, 
but the most important reptilian product is tortoise-shell, which 
consists of the horny epidermic shields of the widely-distributed 
Hawksbill Turtle {Chelone imbricata^ fig. 1278). When softened 



Fig 1277 — iukks oT Afncan Elephant 
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by heat these can be worked up into all sorts of artistic objects. 
Very undesirable practices are often resorted to in procuring the 
raw material, as will be seen from the following quotation from 
Tennent (in The Natural History of Ceylon ). — “If taken from 
the animal after death and decomposition, the colour of the shell 
becomes clouded and milky, and hence the cruel expedient is 
resorted to of seizing the turtles as they repair to the shore to 
deposit their eggs, and suspending them over fires till heat 



Fig 1^78 H4\%ksbill liirtlf ( h€l( ne inibrtcnt t 


makes the plates on the dorsal shields start from the bone of 
the carapace, after which the creature is permitted to escape to 
the water. At Celebes, where the finest tortoise-shell is exported 
to China, the natives kill the turtles by blows on the head, and 
immerse the shell in boiling water to detach the shields. Dry 
heat is only resorted to by the unskilful, who frequently destroy 
the tortoise-shell in the operation.” 

Decorative Products of Fishes (Pisces). — Ornamental 
leather is made from the skins of Dog-Fishes and Sharks 
(shagreen), while the scales of Dace {Letuiscus vulgaris) and 
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Bleak (Z. albumus) are employed in the manufacture of arti- 
ficial pearls. 


Decorative Products of Molluscs (Mollusca). — The 
shells of the Pearly Nautilus, of many univalves, and numerous 


bivalves, are largely used for 
purposes of personal decora- 
tion by savage races, and 
to some extent by civilized 
ones. Some of them are 
worked up into ornamental 
knick-knacks even in British 
watering - places, while the 
Chinese are singularly skil- 
ful in the construction of 
the images of gods, human 
beings, aiin^do, *\nd plants, 
from a variety of small 



shells (fig. 1279). 


Fig. t»79 —Oiiime Shell ornament 


Sea- Snails (Gastropoda). 


The thick shells of some Sea- Snails (species of Cassis, &c.) are 


made up of layers of different tints, which has rendered them a 
favourite material upon which to carve cameos (fig. 1280). Pink 
pearls are the pathological products of certain species, especially 


the large Conch - Shell (Strombus 
gigas) of the West Indies. 

The most famous product of Sea- 
Snails was, however, the royal dye 




Kg. ia8a— Shell Cameoa 


Fig 1281.— Murex Bronderi 


known as Tynan Purple, prepared by the ancient Phoenicians 
from species of Purpura and Murex (fig. 1281). It is secreted 
by a gland in the gill-cavity, closely connected with the intestine. 
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The explorations of the Phoenicians westward, which had no 
small influence upon the course of, history, were partly conducted 
with the object of securing laiger supplies of these molluscs. 

Some of the travellers of the seventeenth and eighteenth 
centuries state that the natives of Ecuador and Costa Rica 
obtained a purple fluid from a species of Purpura, and used it 
to dye cotton. A kind of Sea-Slug (Aplysia cantelus) is still 
used by the Portuguese for a similar purpose. 

Bivalve Mollusca (Lamel/idrancAia). — Pearls and mother-of- 
pearl are chiefly derived from members of this group. Mother- 
of-pearl or nacre is the iridescent internal layer of the shell. 



Fic 1283 of Pearl f Afiivfnrtff/rrn mt/gnns^ and pearl of same 


while pearls consist of layers of similar material deposited round 
various foreign bodies which, in the most valuable kinds, are 
stages in the development of parasitic forms (see p. 204). The 
most important pearl-fisheries are those of the Red Sea, India, 
Ceylon, Queensland, some of the South Pacific archipelagoes, 
lower California, and the Pacific coast of Central America. The 
bivalve of greatest economic value in this connection is the 
Pearl-Oyster {^Margariiifera vulgaris), which in reality is more 
of a mussel than an oyster, but belongs to a different family 
from either {Aviculida). The once important pearl-fisheries of 
Ceylon, after a record yield in 1891, benefiting the revenue of 
the island to the extent of hard on a million rupees, completely 
failed for an entire decade. As the outcome of this the pearl- 
oyster question has recendy been investigated by Professor 
Herdman, assisted by Mr. James Homell. These two experts 
have fully worked out the life-history of the tape-worm which 
leads to the formation of '‘orient pearls", and it is hoped that 
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the knowledge acquired will form the basis of measures by 
which the industry may be resuscitated. The first part of Herd- 
man’s Report on the Pearl-Oyster Fisheries of the Gulf of 
Manaar includes a very interesting historical sketch from which 
the following extract is taken: — “The pearl-fisheries of Ceylon, 
India, and the Persian Gulf, yielding the highly prized ‘Oriental’ 
pearl, are of very great antiquity. They are probably the most 
ancient fisheries still in existence, and seem to be carried on at 
the present day under very much the same conditions as 2000 or 
perhaps even 3000 years ago. These fisheries are referred to by 
various classical writers, and Pliny, after saying how highly valued 
the pearls are at Rome, refers to Taprobane [Ceylon] as ‘the 
most productive of pearls of all parts of the world ’. . . . But 
the Singhalese records take us to still earlier times. According 
to the ‘ Mahawanso pearls figure in the list of native products 
sent ^ u ['resent from King VijAya of Ceylon to his Indian 
father-in-law in about 540-550 b.c.; and again when, in b.c. 306, 
King Devanampiyatissa sent an embassy to India the presents 
are said to include eight kinds of Ceylon pearls. The Kings 
Hall in the Brazen Palace at Anuradhapura (b.c. 161) is said 
to have been decorated with native pearls. The mortar in the 
ruins of Polonaruwa shows the remains of the pearl-oyster shells 
which were used in its manufacture — no doubt the refuse of an 
early fishery. Many other references could be given. In the 
eighth to eleventh centuries, trade in the East w^as in the hands 
of the Persians and Arabs, and we find Arab writers alluding 
to the pearls. We know also that they enriched' the kings of 
Ceylon in the days of Marco Polo (1291). One record, given 
by Friar Jordanus, says that in 1330 alx>ut 8000 boats were 
engaged in the pearl-fisheries of the Gulf of Manaar.” 

From the remote times mentioned in the above extract down 
to the present day the pearl-oysters have been collected by native 
divers, but it is not improbable that dredging will ultimately 
be the chief method employed. 

Pearls are formed within a number of bivalves besides the 
one mentioned, nor are all of these marine, for the once famous 
British pearls were obtained from thresh water Mussels. Purple 
pearls are formed within some of the Ark- Shells {Area). 

Decorative Products of Insects (Insecta). — There is not 
much to mention with regard to this group of animals. The 
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hard metallic -looking wing-covers or elytra of certain Beetles 
serve for various decorative purposes, and some of the more 
beautiful Butterflies are sometimes placed in glass cases and used 
as ornaments. Some of the Scale- Insects {Coccicice) are the 
source of economic products of some importance in the present 
connection, e.g, the Cochineal Insect {Coccus cacti) furnishes red 
pigment (see p. 260). Objects known as “ ground pearls ” are 
found in the earth in various parts of the world, eg, in the island 
of Sl Vincent (West Indies), where they are made into neck- 
laces, &c. They are in reality the encysted pupae of Scale- 
Insects, covered by a hard substance looking like pearl or 
glass. The West Indian ones mentioned above belong to a 
species of Margarodes. 

ANIMAL ^ESTHETICS 

The course of human evolution has necessarily involved a 
gradually improving adaptation to surroundings, of which the 
outcome is seen in all the intricate details of modern civilization. 
Imaginative literature and the various branches of art are 
among the most remarkable results of this evolution, and the 
full discussion of their nature and origin is the province ^ that 
branch of philosophy known as .^Isthetic. But as, after all, 
man is an animal, who has always lived among other animals 
that have profoundly influenced the course of his mental de- 
velopment, it naturally follows that the study of iEisthetic, as 
indeed of all other departments of philosophy, must look for its 
foundations among the principles of biology. The interdepend- 
ence of natural science and philosophy is well brought out in the 
following quotation from Karl Groos (in The Play of Animals ): — 
“ Man’s animal nature reveals itself in instinctive acts, and the 
latest investigators tell us that man has at least as many instincts 
as the brutes have, though most of them have become unrecog- 
nizable through the influence of education and tradition. There- 
fore an accurate knowledge of the animal world, where pure 
instinct is displayed, is indispensable in weighing the importance 
of inherited impulses in men. . . . The animal psychologist must 
harbour in his breast not only two souls, but more; he must 
unite with a thorough training in physiology, psychology, and 
biology the experience of a traveller, the practical knowledge of 
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the director of a zoological garden, and the outdoor lore of a 
forester. And even then he could not round up his labours 
sausfactorily unless he were familiar with the trend of modern 
aesthetics.’* To briefly indicate some of the chief points of con- 
tact between Biology and itsthetics is all that can be attempted 
here, and those who wish to pursue the subject fully are referred 
to the works of Herbert Spencer, Bain, Baldwin, Romanes, and 
Lloyd Morgan, as also to Grant Allen s Physiological Esthetics, 
Knight’s Philosophy of the Beautiful, Bosanquets History of 
/Esthetic, and Groos’s Play of Animals. 

No human being or highly -organized animal would be able 
to live for any length of time, nor would the preservation of ks 
species be possible, if constant adjustment to the surroundings 
was not brought about by the agency of the nervous system and 
sense-organs (see p. 2). This is seen, for example, in the utili- 
tariai^ bignificance of pleasure and pain. Pleasure, broadly 
speaking, promotes actions which conduce to self-preservation 
and the maintenance of the species, while pain as constandy 
forbids other actions which would mean self-destruction- Unless 
pleasure were associated, for instance, with the act of eadng, an 
animal would probably be content to starve, while if contact 
with burning substances caused no pain it would be very liable 
to self-cremation. Now there can be no doubt at all that the 
feelings to which Beauty and Ugliness give rise are simply to 
be regarded as finer manifestations of pleasure and pain, and 
since ^Esthetics is concerned with such feelings it clearly rests 
upon a physiological basis. 

The Sense of Sight and its Bearing un /Esthetics. — 
We have only to reflect for a moment on the deprivations 
suffered by a man blind from birth to realize that artistic enjoy- 
ment depends most upon the sense of sight. And our criteria 
of what is beautiful in colour, form, and movement have largely 
been evolved with reference to the animal world, including human 
beings. To mention examples is unnecessary, for the illustra- 
tion scheme of this work provides them in abundance. But a 
few generalities are perhaps desirable. 

No one will deny that the human colour -sense has been 
largely educated by the materials which flowers provide. But 
the exquisite tints and colour -schemes of the floral world are 
strictly utilitarian with reference to plants themselves, being 
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simply devices for attracting beneficial insects (see p. 85). To 
insects, therefore, our aesthetic debt is very large. 

The Courtship Colours of Insects, Birds, and some other 
animals (see p. 143) are also as a rule beautiful to us, and have 
played no small part in the evolution of our artistic sense. With 
reference to the animals which display them it is pretty certain 
that they are purely utilitarian. 

Were we similarly to consider the materials upon which our 
ideas of the beautiful in form and movement are based, we should 
once more have to acknowledge that the evolution of the aesthetic 
sense has largely progressed on lines determined by the animal 
wo/ld. 

Ugliness in the first instance appears to have been associated 
with what was harmful or dangerous. The repugnance which 
most of us feel towards snakes, scorpions, and centipedes is 
probably part of the legacy which has been handed down to us 
by our prehistoric ancestors (see vol. iii, p. 370). It is also 
generally admitted that “warning coloration", .which marks 
undesirable properties in many animals, is crude and inartistic 
from the human stand-point. 

The Sense of Hearing and its Bearing on /EsxnEXics. — 
Next to sight, hearing is the most important sense, from the 
aesthetic stand-point. The song of birds and the chirp of insects, 
which further the courtships of their owners (and hence are of 
utilitarian nature), must have had something to do with the 
evolution of our standards of what is beautiful in the realm of 
sound. 

The Sense of Smell and its Bearing on ^^isthetics. — 
That certain odours are, to our thinking, of fragrant nature, is 
largely due to the direct or indirect influence which animals have 
had upon human development. Many species emit strong musky 
odours, serving for purposes of recognition, and also as court- 
ship ' accessories. Civet-cats are an example of this, and at one 
time “ civet ", obtained from certain glands in these animals, was 
a favourite perfume, though it would now be considered rank. 
It has been replaced by musk, obtained from glands possessed 
by the Musk Deer {Moschus moschiferus), though even this 
p^ume is too coarse for cultivated tastes, which show a pre- 
ference for floral odours. But, as we have elsewhere seen (fee 
p, 85), the delicate scents of flowers are of utilitarian mean- 
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ing to the plants which possess them, being so many baits to 
attract useful insects. 

One substance used as a sort of basis in the manufacture of 
perfume, /.r. ambergris, is on an entirely different footing from 
such things as musk or attar of roses, its properties being, so to 
speak, accidental. It consists of concretions, which are formed 
in the intestine of the Sperm-Whale as a result of disease. 

The Sense of Taste and its Bearing on ./Esthetics. — 
The organs of taste were, in the first instance, undoubtedly 
evolved in relation to food-testing, a purely utilitarian matter. 
Adaptation to diets of particular kind would have been difficult, 
if not impossible, without this, and there would also have been a 
liability to take in poisonous substances. Pleasurable sensations 
would gradually come to be associated with the Uiste of desirable 
food, and s ensations of opposite kind with that of unsuitable 
aliment, to say nothing of poisons. 

Tastes pure and simple, such as that of sweetness, do not 
rank very high in the aesthetic scale, but it is otherwise with 
“ flavours ”, which are combinations of tastes and odours. The 
triumphs of the art of cookery, so dear to the gourmand, are of 
necessity largely bas'pd on the properties of animals in the dead 
state. But this of course is a mere commonplace. 

The volution of Art and certain iorms of Literature. 
— In the evolution of yfilsthetics, Groos considers that “play” 
has been a dominant factor. By Spencer (and Schiller before 
him) play was regarded as a manifestation of surplus energy, an 
expression of the “joy of life”. But Groos interprets the play 
of animals as being an instinct whereby preparation is given for 
the stern realities of existence. A kitten, for example, by play- 
ing with various objects, including its own tail, acquires fitness 
for the pursuit of mice. According to this view an animal or 
young child does not play because it- is young, but has a period 
of youth in order that it may play. Imitation is here of import- 
ance in helping the acquisition of powers that will later on be 
useful. Baldwin regards it as standing between instinct and intelli- 
gence, sometimes promoting the preservation of the former, and in 
other cases enabling it to be more or less discarded in favour of 
intelligent actions. Groos summarizes his ideas regarding the rda- 
tion between play and art in the following table, which, though 
susceptible of criticism, will serve as the basis for a few remarks. 
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PLAY 

Experimentation 
(Joy in being able) 
(Pretence; conscious self-deception) 


' Self-exhibition. 

Imitation. 

Decoration. 

The Personal 

^ Dance with 

iir-.u 1 excitement. 

iDric poetry. 

The True 

Imitative arts. 
Imitative dance. 
Pantomime. 

! Sculpture. 

1 Painting. 

Epic Poetry. 

1 Drama. 

The Beautiful 

Building arts. 

Ornamentation. 

Architecture. 

1 


Plenty of examples of each of the thFee primary groups above 
are to be found in the animal world. Self -exhibition as mani- 
fested in Courtship arts is sufficiently illustrated by Birds and 
Spiders, and some account of it has already been given (see 
pp. 148 and 166). 

No better instance of Imitation could possibly be given than 
the concerted Dances of some birds, graphically described by 
Hudson (in The Naturalist in La Plata), The following is his 
account of the evolutions of the Spur -winged Lapwing {//op- 
lopterus cayanuSy fig. 1283) of South America: — “The lapwing 
display, called by the natives its ‘ dance or ‘ serious dance ’ — 
by which they mean square dance — requires three birds for its 
performance, and is, so far as I know, unique in this respect. 
The birds are so fond of it that they indulge in it all the year 
round, and at frequent intervals during the day, also on moon- 
light nights. If a person watches any two birds for some time 
— for they live in pairs — he will see another lapwing, one of a 
neighbouring couple, rise up and fly to them, leaving his own 
mate to guard their chosen ground; and instead of resenting 
this visit as an unwarranted intrusion on their domain, as they 
would certainly resent the approach of almost any other bird, 
they welcome it with notes and signs of pleasure. Advancing 
to the visitor, they place themselves behind it; then all three, 
keeping step, begin a rapid march, uttering resonant drumming 
notes in time with their movements; the notes of the pair behind 
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being emitted in a stream, like a drum-roll, while the leader 
utters loud single notes at regular intervals. The march ceases; 
the leader elevates his wings and stands erect and motionless, 
still uttering loud notes; while the other two. with puffed-out 
plumage and standing exactly abreast, stoop forward and down- 
ward until the tips of their beaks touch the ground, and, sinking 
their rhythmical voices to a murmur, remain for some time in 
this posture. The performance is then over, and the visitor 



Fig 1*83 —Dance of Spiir>wtagad Lapwinp cnrnnm) 


goes back to his own ground and mate, to receive a visitor 
himself later on.” 

As to the third kind of artistic development, placed under 
the head of Decoration^ we once more find among Birds the 
best illustrations. Their nests not only exemplify, in some cases, 
the art of building carried to a high pitch of perfection, but 
may also involve a certain amount of decorative skill. Both, 
however, are most strikingly seen in the curious “runs” made 
.by the Bower- Birds, native to the Australian region. They 
appear to play some part in courtship, and their original dis- 
coverer, Gould, describes them as follows (in Proceedings ZooL 
Society, 1840): — “These constructions are perfectly anomalous 
in the architecture of birds, and consist in a collection of pieces 
of stick or grass, formed into a bower; or one of them (that 
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of the Chlamydera) might be called an avenue, being about 3 
feet in length, and 7 or 8 inches broad inside; a transverse 
section giving the figure of a horse-shoe, the round part down- 
wards. They are used by the birds as a playing-house, or ‘ run ' 
as it is termed, and are used by the males to attract the females. 
The ‘run' of the Satin- Bird is much smaller, being less than i 
foot in length, and moreover differs from that just described in 
being decorated with the highly -coloured feathers of the parrot 
tribe, the Chlamydera, on the other hand, collects around its 



F jg 1384.— Oardcner Birds {Auitfiytmiu tn^rnatus), wuh hut and garden, male in foreground, female at back 


‘ run ' a quantity of stones, shells, bleached bones, &c. ; they are 
also strewed down the centre within.” 

Newton thus describes (in A Dictionary of Birds) some 
even more remarkable kinds of Bower- Bird, unknown to science 
at the time of Goulds observations: — “A bird of New Guinea, 
. . * Amb/yomis inomatus, fig. 1284, has been found by Signor 
Beccari to present not only a modification of bower-building, 
but an appreciation of beauty perhaps unparalleled in the animal 
world His interesting observations . . . show that this species, 
which he not inaptly calls the 'Gardener' {Gjardiniere), builds 
at the foot of a small tree a kind of hut or cabin {capannd) some 
2 feet in height, roofed with orchid-stems that slope to the ground 
regularly radiating from the central support, which is covered 
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with a conical mass of moss, and sheltering a gallery round it 
One side of this hut is left open, and in front of it is arranged 
a bed of verdant moss, bedecked with blossoms and berries of 
the brightest colours. As these ornaments wither they are 
removed to a heap behind the hut, and replaced by others that 
are fresh. The hut is circular and some 3 feet in diameter, and 
the mossy lawn in front of it nearly twice that expanse. Each 
hut and garden are, it is believed, though not known, the work 
of a single pair of birds, or perhaps of the male only ; and it 
may be observed that this species, as its trivial name implies, is 
wholly inornate in plumage. Not less remarkable is the more 
recently described ‘ bower ' of Prionodura, a genus of which the 
male ... is conspicuous for his bright orange coloration. This 
structure is said by Mr. Devis ... to be piled up almost hori- 
zontallv -ound the base of a tree to the height of from 4 to 6 
feet, and around.it are a number of hut-like fabrics, having the 
look of a dwarfed native camp.” 

With the stages in the evolution of human art we are here 
not directly concerned, but enough has been said to show that a 
careful study of the habits of animals is likely to throw a 
good deal of light upon the subject. 

Animals as Material for Art and Literature. — Animals 
form such an important part of the environment of man that 
they naturally figure largely in art and literature. If, in ima- 
gination, we entirely eliminate animal forms from galleries of 
sculpture or pictures we shall realize this very fully, and ideas 
derived from the animal world are also embodied to some extent 
in music. Ac we have elsewhere seen (p. 341), the Tarantella 
originated with reference to a kind of spider. 

The art of decoration is also indebted to the animal world, 
some of the most beautiful designs being based upon animal 
forms. Mr. Talwin Morris’ “peacock de.sign” on the covers of 
this book is a particularly charming example. 

In literature our debt to animals is no less great The very 
letters of the alphabet, which, as everyone knows, are the descen- 
dants of Egyptian picture-symbols or hieroglyphs, were in some 
instances originally based on animal forms. V, for example, 
represents the last remains of a drawing of the Homed Viper 
{Cerastes) of Egypt (fig. 1285). 

Animds make no inconsiderable figure in both prose and 



408 


UTILITARIAN ZCX)L0GY 


poetry. In fables, from the time of .^sop downwards, they 
often supply the principal characters. Sterne has immortalized 
the Starling, Shakespeare and Shelley the Sky- Lark, Poe and 
Dickens the Raven, Aristophanes and Thoreau the Frog. Other 
examples are scattered broadcast through the literatures of the 
world, ‘and to name them would be a work of supererogation. 
They often supply the motif for poetic efforts which express our 

^ d 
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Fig 19*^^ Fvnlutiofi of V A, Egyptian hieroglyphic b ibbrevution of same, r, Phoenician form, final form 
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sympathy with Nature, and appeal more particularly to those 
of us who are counted among the worshippers of “ the great god 
Pan”. The poem ** Enchanted Tones”, by J. S. Welhaven, may 
serve to illustrate this point, and it will be unknown to most 
readers, for its native language is Norwegian. 

** A bird Hew over the pine-clad hill 
Of the old, old legends singing. 

And carried me out of life's beaten way 
Into dreamland's dim beginning 
I came to the moorland's secret spring 
Where fames their thirst Mere slaking, 

But ever those magical notes I heard 

'Midst the sighs that the breeze was making. 

I stood in the beech-trees' silver shade 
As the sunset rays low slanted, 

When glimmered the dew in the darkling glade 
Alid on hill shone like gold enchanted 
jTben rustled the branches, a sound drew nigh 
As of wings that were rising and falling, 

And ever from fell-top, and ever from tree 
Those magical flute-notes were calling. 

“ Away in the woodland, far away, 

Is ihe songster’s leafy dwelling, 

From under the pine-trees, ever and a/e, 

His melody’s tide is swelling; 

And though I never may reach his home, 

The song there is no forgetting. 

That sounded sweet when eve’s dewy wings 
^ Shut soft as the sun was setting.” 
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CHAPTER LXXV 
GEOGRAPHICAL DISTRIBUTION 

To consider, and so far as possible explain, the way in which 
animals are now spread over the surface of the globe is the 
province of Geographical Distribution, or, as it is sometimes 
called, Zoogeography. Alfred Russel Wallace, more than any 
other man, has been the means of placing this branch of Natural 
History on a rejilly scientific footing, and his invaluable works 
I he Geographical Distribution of Ammals and Island Life will 
long remain standard sources of information on the subject 
Smaller books by Heilprin and Beddard [Geographical and Geo- 
logical Distribution of Ammals, and Zoogeography) will also 
be found extremely useful by the student 

A good deal of information about the parts of the world to 
which a number of animals belong has already been given in 
the preceding sections of this work, but certain facts and principles 
require special mention here, though only elementary treatment 
is possible, or, it may be, desirable. 

Before the theory of evolution became dominant it was com- 
monly believed that any particular kind of animal found within 
a certain area was specially created there, and speculation was 
deemed out of place, though it was assumed that one sort of 
climate suited certain species, and another sort of climate other 
species. But we are not now contented with the statement 
‘This is so”, and always ask Why is this so?” To which 
question we sometimes get a fairly satisfactory answer. 

Areas of Distribution, — If we consider any kind or species of 
animal, or any one of the larger groups, such as a genus, a family, 
an order, or a class, we shall find that it may occupy a limited 

400 



410 


DISTRIBUTION IN SPACE AND TIME 


or an extensive area, or that it may be found in two or more 
widely distant parts of the world, and be entirely absent from the 
intervening regions. The last and perhaps the most interesting 
case is technically described by speaking of a “discontinuous 
area of distribution”. Believing that existing species have been 
evolved in course of time from other species, it is pretty obvious 
that any sort of animal which occupies a restricted area must 
either have come into existence comparatively recently, or else 
be an ancient form which has gradually lost ground and is pro- 
gressing towards extinction. A good example of the latter state 
of things is afforded by the Tuatara [Hatteria punciala), now 
only to be found on some islets in the Bay of Plenty, off the 
North Island of New Zealand, upon which larger land-mass we 
know that it formerly existed. The evidence of geology also 
proves that it is the last living representative of an order of 
Reptiles {Rkyckocepkala) which was once widely distributed and 
dominant, being very likely the parent reptilian group from which 
all the other orders took origin. 

In dealing with questions of distribution it is important to 
remember that the outlines of land and sea have undergone many 
changes in the course of the world s history. At various periods, 
for example, the land-ma.sses of the Old and New WoHds have 
been connected together in the North, while Australia and the 
East Indies are the surviving remnants of an extension of the 
mainland of Asia. Comparatively recent union between land- 
areas now distinct is often indicated by intervening shallow water, 
more ancient union by deeper water. From this and other facts 
we conclude that the British Isles were part of the continent of 
Europe in comparatively recent times, while many ages have 
elapsed since Madagascar was continuous with Africa, and the 
connection of Australia with Asia was still more remote. On the 
other hand, there are certain small islands isolated in mid-ocean, 
such as St. Helena and Ascension, which probably never formed 
part of any existing continent. Using this principle a? a basis, 
Wallace classifies islands as “continental”, e,g. the British Isles 
and Madagascar, which once were united with adjacent main- 
lands; and “oceanic”, eg, St. Helena, in which this has never 
been the case That such a view explains many of the features 
of island faunas we shall presently see: the bearing of the former 
existence of “land-bridges ”, long since submerged, upon questions 
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of discontinuous distribution is, for the moment, our immediate 
concern. 

One of the best examples of discontinuous distribution is 
afforded by the order of Pouched Mammals (Marsupialia), now 
mainly limited to the Australian region, though also represented 
in America by the Opossums and one other form {C(£nol€st€s\ 
Without the aid of the geological record the reason for this would 
ever remain a matter of the merest conjecture. We know, how- 
ever, from the evidence this record affords, that in the remote 
past Pouched Mammals were common enough in Europe, and 
there are enough facts upon which to base the view that the 
earliest representatives of the order were evolved in the land- 
mass of Eurasia. From this area the Pouched Mammals 
gradually spread, entering what are now America and Australia 
over tracts of land since submerged beneath the sea. Elsewhere, 
owing to rhf -'^mpetition of more highly specialized mammals, 
they have died out. But the Australian region having been cut 
off from the northern land-mass before the higher mammals had 
a chance of entering it, the pouched forms of that region had a 
field free from serious competition, in which have since been 
evolved numerous species adapted to many diverse modes of life. 
In America they had a harder struggle for existence, and at the 
present time are poorly represented there, chiefly by Opossums, 
the ancestors of which no doubt reached the New World by one 
or more formerly existing land-bridges in the north. There is 
also good reason for thinking that South America also received 
a population of pouched mammals from Australia, by means of 
a southern land -bridge, of which some existing islands appear 
to be remnants. This Australian stock has since died out almost 
entirely, being now only represented by two small species of 
Opossum- Rats (Casno/estes), native to Colombia and Ecuador. 

Discontinuous distribution explained on somewhat different 
lines is exhibited by the Lung- Fishes {Dipnoi), now represented 
only in the fresh waters of Africa, South America, and Queens- 
land (see vol. i, p. 264). Once more a clue is afforded by the 
geological record, from which we know that the ancestors of the 
Lung- Fishes were at one time a dominant and widely distributed 
marine group. Hard pressed by fishes better adapted to life in 
the sea, some of them took refuge in estuaries, ultimately pass- 
ing into the fresh waters of the land. It is only these which 
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in widely distant parts of the world have left descendants, while 
all the marine types were doomed to extinction. 

Dispersal of Animals. — A species which meets with any 
success in the struggle for existence increases largely in numbers 
and, led chiefly by the search for food, comes to occupy a tract 
of land or sea of continually increasing size (i.e. it widens its 
area of distribution) until prevented by natural causes from migrat- 
ing farther. The means of locomotion possessed by such a 
species necessarily plays an important part in the matter. The 
power of flight, for example, often renders wide dispersal possible, 
as in the case of Bats. But there are usually certain physical 
barriers which put a stop to the migratory movements of most 
kinds of animal. Mammals other than Bats are unable to cross 
even narrow arms of the sea, while mountain chains and deserts 
often prove potent checks to further advance And for every 
other group of land forms obstacles of varying kind present 
themselves. Even in the case of marine species limits are im- 
posed by temperature, depth of ^\ater, supply of suitable food, 
competition with other species, and so on. 

ZooGhOGKAPiiiCAL REGIONS OF THE Land. — It is generally 
considered that Mammals afford the best means of dividing the 
land into regions possessing characteristic faunas^ and as tht 
areas thus demarcated answer fairly well for Birds, the sub- 
divisions made by W. L. Sclater on this basis, and afler^^ards 
adopted by Wallace, will here be given. A reference to the 
accompanying map (fig. 1286) will show that the boundaries 
between Sclater’s six great regions are largely constituted by 
physical barriers. Each of these primary subdivisions is again 
divided into sub-regions. All that can be attempted here is a 
brief account of the leading features of the large distributional 
areas, especially with reference to Mammals and Birds. So many 
incorrect ideas are current, even among educated persons, about 
the distribution of well-known animals, that no attempt will be 
made to avoid details that will be commonplace to some readers. 
Most of the forms of life mentioned in this chapter will be found 
to have received notice in other connections. It may be well 
first of all to enumerate the regions and sub-regions. 

I. Pal^earctic Region. — Europe, — all but the south of Asia, 
— and Africa north of the Sahara. Sub- Regions* — i. European; 
2. Mediterranean; 3. Siberian; 4. Manchurian. 
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II. Nearctic Region. — Practically equivalent to North 
America. Sub- Regions: — i. Canadian; 2. Californian; 3. Rocky 
Mountain; 4. Alleghany. 

III. Ethiopian. — Africa south of the Sahara, south Arabia, 
and Madagascar. Sub- Regions:- -i. West African; 2. South 
African; 3. East African; 4. Mascarene. 

IV. Oriental Region. — South Asia, the western part of the 
East Indies, the Philippines, and Formosa. Sub- Regions: — i. 
Indian; 2. Cingalese; 3. Indo-Chinese; 4 Indo- Malayan. 

V. — Australian Region. — The eastern part of the East 
Indies, Australia and adjacent islands. New Zealand, and Poly- 
nesia. Sub- Regions: — 1. Austro- Malayan ; 2. Australian; 3. 
Polynesian; 4. Novo-Zelanian. 

VI. Neotropical Region. — Central America, South America, 
and the West Indies. Sub- Regions; — i. Mexican; 2. Chilian; 
3. West Indian; 4. Brazilian. 

Chalmers Mitchell has devised the following ingenious way 
of representing the regions and sub- regions in a diagrammatic 
form, which readily lends itself to expressing the distribution of 
any animal or group of animals, by simply leaving out the numbers 
of those sub-regions in which that particular form or group does 
not occur. ^ 


Regions and Sub Region^, 


DiMribuiion of Ciocodiles and 
(Crorodilia) 
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Fauna, OF the Pal.earctic Region. — In spite of its great 
size this region possesses comparatively few animals which arc 
found nowhere else. The number would be much larger if there 
were not a good many species common to it and the Nearctic 
Region. This is not very surprising when we remember the 
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comparative narrowness of the Behring Straits, across which 
there was a land-bridge at no very remote period, geologically 
speaking. At one time, too, Kurope and North America were 
connected by land occupying the North Atlantic, and the sea 
between Britain and Greenland is still comparatively shallow. 
It may be objected that even if such unions once existed the 
rigour of the northern climate would prevent land animals from 
migrating across them; but we know that there have been many 
changes in climate during the past history of the globe, and that 
for part of the time when these land-bridges existed a much 
higher temperature prevailed in the areas they occupied than is 
now the case. Besides which, the objection, even if valid, would 
not apply to Arctic forms; and, further, many animals which we 
now associate with the warmer parts of the earth are able to 
endure a larger amount of cold than is sometimes supposed. It 
may be added that the resemblances between the faunas of the 
Palsearctic Region and the northern part of North America are 
so striking that many writers associate these together under the 
name of the Holarctic Region. This fact is mentioned because 
in dealing with certain forms it will be convenient to speak of 
them as being “holarctic \ 

Pakea 7 riic Mammals {Mammalia). — Among Insect -eating 
Mammals {/nsectwof'a) our common Mole {Talpa Europcea) and 
related species of the same genus are confined to this region, as 
also are the Desmans {Myogale), while Hedgehogs {Erinaceida) 
are very characteristic, though not peculiar. Of the Flesh- Eaters 
{Carnivora) very few arc entirely limited to the region, the most 
notable being the Raccoon-Dog {Nycterentes, fig. *287) of north- 
east Asia, and the Common Badger {Meles iaxus) with some of 
its immediate allies. It should be stated, however, that a number 
of Carnivores are purely holarctic, e.g. the Polar Bear {Ursus 
marilwms), the Glutton {Gulo luscus), Lynxes, and Arctic F'oxes; 
while some others are very characteristic, e.g. Wolves, Bears (other 
than the Polar species), Martens, and Weasels. Some aquatic Car- 
nivores are entirely holarctic, such as the Sea Otter {Latax lutris), 
the Greenland Seal {Phoca Groenlandic j\ the Walrus {Tricheckus 
rosmarus), and the Greenland Whale {Bakena myslicelus). 

The Palsearctic region is comparatively rich in Hoofed 
Mammals {Ungulatd) native to no other part of the world. 
Among these are conspicuous typical Oxen {Bos), Goats {Capra)^ 
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<ind Sheep {Ovts), which are hardly represented elsewhere; also 
a number of Deer (Cervida\ such as the Fallow-Deer {Dama 
vulgaris). Roe- Deer {Cervus capreola), and Water- Deer {^Hydro- 
poles); while, besides these, certain Antelopes, such as the 
Chamois {Rupicapra tragus) and the Saiga Antelope {Saiga 
Tariarica), are peculiar. Nor must mention of the Camels 



Fig 1287 —Raccoon Dog Nyctertutea) 

(Camelus) be omitted. The Reindeer {Rangifer tarandus), Elk 
(A/cef mcuhlis), and Musk-Ox {Ovibos moschatus) may be men- 
tioned as typically holarctic Ungulates. 

Among Gnawing Mammals (Rodenita), Dormice {Myoxtis) 
and Mole-Rats {Spalax) are Palaearctic, while Marmots {Arc- 
tomys) and Calling Hares or Pikas {Lagomys) are holarctic. 
Beavers (Castor), Voles (Microtus), Ground-Squirrels (Tcmias), 
and most of the Hares and Rabbits (Lepus) are also holarctic. 
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Palesarctic Birds (Aves). — Among the genera which are 
limited to this region are some of those including a number of 
our familiar British forms, Grasshopper Warbler {Locustelld), 
Robin Redbreast {Eriikacus)^ “ Bearded Tit ” or Reedling 
(Panurus)y Long- tailed Tit (Acredu/a), Buntings {^Emberiza)^ 
Chaffinch {JFringilla), Bullfinch {Pyrrkuia), Jay (Garrulus\ Nut- 
cracker (^Nucifragd), and Partridge (Perdix). Ordinary Pheasants 
(Phasianus) and some of their more ornamental relatives are 
also very characteristic Palaearctic forms. Some other British 
birds belong to holarctic genera, e.g. Red Grouse and Ptarmigan 
i^Laoopus^, Capercailzie {Tetrao), Divers {Colymbiis), Razor-Bills 
(A/ca), Guillemots {Uria), and Puffins [FraierculaX 

Paltrarciic Reptiles (Repti/ia). — A solitary species of Alli- 
gator {Alligator Sinensii^) is native to South China. Our 
indigenous . Blind- Worm represents a purely Palaearctic genus 
(Aiiguis) of limbless lizards, while that {Lacertd) which includes 
the Sand -Lizard, Green- Lizard, and Wall -Lizard is hardly 
represented outside the region. 

Palcearctic Amphibians (Amphibia), — Peculiar to this region 
are the genera including the P'ire- bellied Toads (Pombinator), 
that form (Alytes) in which the male carries about the egg- 
masses, and the Salamanders (Salamandrd), It is also inter- 
esting to notice that the great majority of Tailed Amphibians 
(Urodela) are limited to the Northern Hemisphere. 

PaUcarctic Fishes (Pisces), — Among British freshwater fishes, 
Carp and Tench may be mentioned as representing genera 
(Cyprinus and Finca) peculiar to the region, as also are the Gold- 
fishes, &c. (Carassius), of China and Japan. There are also some 
families of fishes which are very characteristic of the Northern 
Hemisphere, e,g, those containing Pikes (Esocidee), Sticklebacks 
(Gasterosteidec), and Salmon (Salmonidce), Most of the curious 
archaic Ganoids (Ganoidei) also belong to the same hemisphere. 
These forms (see vol. i, p. 266) present a good example of a 
discontinuous area of distribution to be explained in the same 
way as that of the Lung-P'ishes (see p. 266). 

Palcearctic Insects (Insccta), — Pc. haps the most striking 
feature of the region is the great abundance of predaceous 
Ground- Beetles (Carabidcr) which it possesses, regarding which 
Wallace says (in Island Life) that “ . . . the large and handsome 
genus Carabus, with its allies Procerus and Procrustes, contain- 



4r8 DISTRIBUTION IN SPACE AND TIME 

ing nearly 3cx> species, is almost wholly confined to this region, 
and would alone serve to distinguish it zoologically from all other 
parts of the globe*’. 

Fauna of the NlarctiC Region. — It will be remembered 
that the “ holarctic ” forms already mentioned are common to 
the Palaearctic region and northern part of the Nearctic region, 
and need not, therefore, be mentioned again, though it may be 
well to state that the Musk-Ox (Ovibos) is almost entirely 

Nearctic 

A earctic Mammals 
{Maniuiaiid). — Among 
the Insect Haters (/«- 
si(/ivo?'a) the Star - 
nosed Mole {Condy- 
lu}a, fig 1288) is the 
most rc markable of 
the purely Nearctic 
forms. A number of 
the Flesh- Haters {Car- 
nivora) differ from 
those of the Old 
World, but as the most 
important of these are 
even more character 
istic ol the Neotroi)ical 
region, mention of 
them will be post- 
poned. Two of the Hoofed Mammals {Ungulata) are essentially 
Nearctic, i,e, the Pronghorn {Antilocapra) and the Rocky Moun- 
tain Goat {Haploceros), Two families of Gnawers {Rodentta) are 
confined to this region, the Pouched Rats {Saccomyidee), including 
Gophers, Kangaroo -Rats, and Pocket- Mice, and the Sewellels 
{Haplodontida), including two species of small rodents allied to 
the squirrels but with the habits of marmots. Besides these, two 
very typical Nearctic genera belong to this order, i.e, those to 
which the Tree- Porcupine {Erethizon) and the Prairie-Dogs 
[Cynomys) belong. Opossums (Didelphyida) represent the 
Pouched Mammals (Marsuptalza) in this region, but are more 
typical of the Neotropical. 

Nearctic Birds {A7ies). — Many of the familiar Palaearctic 
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species are replaced by members of characteristic American 
families. There are also a number of peculiar Nearctic genera, 
but to give a list of them would serve no useful purposes. 
Turkeys i^Meleagris) are well represented, but also range south 
into Central America. 

Nearctic Reptiles (Kept ilia). — It need only be said that 
poisonous Lizards (//elocferma) are characteristic, as also are 
Rattlesnakes {Crotalus), though both range into the Neotropical 
region, while Crocodiles and Alligators are represented in the 
south of the United States. 

Nearctic Amphibians {^Amphibia). — The region is richer than 
any other part of the world in Tailed Amphibians {Uroclela), 
and among the peculiar forms are the curious Mud -Eels 
(AmpkitiTfia) and Sirens {Siren). 

Nearctic Fishes (Pisces). — Several families and a consider- 
able number of genera of freshwater fishes are native to this 
region only, but their names would convey little meaning to 
average European readers. 

Nearctic Freshwater Molluscs (Mollusca). — Wallace states 
,,:that the Nearctic region is richer in characteristic forms than 
any other part of the world. 

Fauna of the Ethiopian Region. — We have seen that the 
approximation in high latitudes of the great land-masses of the 
Northern Hemisphere has led to a great deal in common be- 
tween the faunas of the Pala*arctic and Nearctic regfions, and 
both of them are rather deficient as regards the presence of 
peculiar forms known to the lay reader. This renders it rather 
difficult to treat them in a popular manner; but there is no such 
difficulty with regard to the southern regions which remain for 
consideration, as all of them have well-marked characteristics, 
and their more typical animals are familiar to everyone. In 
varying degree they have been more or less isolated by physical 
barriers for very long periods of time, and this isolation has 
rendered possible the evolution of distinctive faunas. 

Ethiopian Mammals (Mammalia). — There is no lack of Apes 
and Monkeys (Primates) belonging to genera not represented 
elsewhere. Among the higher or man-like Apes the Gorilla 
(Gorilla) and Chimpanzee (Anthropopithecus) are typical, while 
of lower forms may be mentioned the Colobi (Colobui) with 
reduced thumbs, the Guenons (Cercopitkecus), and a number of 
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Baboons {Papio or Cynocephalu^). The majority of Lemurs 
(Lemuroi^a) are African. The peculiar Ethiopian Insect- 
Eaters {Insectivord) include the Golden Moles {Chrysochloris)^ 
and an otter-like West African form {Potamogaie), among many 
other characteristic types. There are also Flesh-Eaters {Car- 
nivora) belonging to purely Ethiopian genera, eg, the Foussa 
{Cryptoprocta) of Madagascar, the Aard-Wolf {Prote/es), and 
the Cape Hunting- Dog {Lycaon), Though Lion {Felis leo) 



Tif isto.-Wart-Hov [Pkmcoekmrw) ^ ^ 


and Leopard {F, leopardus) are both very characteristic, the 
former ranges into Asia (and has only become extinct in Europe 
during historic times), while the latter so closely resembles the 
Asiatic Panther {F. pantherd) that the two animals are often 
considered as belonging to the same species. A curious nega- 
tive feature is found in the complete absence of animals of the 
Bear kind. Of Hoofed Mammals {Ungulata) many remarkable 
forms are limited to the Ethiopian region. They include Zebfas 
(species of Eqtms), characteristic species of Rhinoceros, Wart-Hog 
{Pheuocharus, fig. 1289), Red River- Hog {Potamockarus), Hippo- 
potamus {Hippopotamus), the Giraffe {Giraffd), Okapi {Okapid), 
a number of Antelopes, and the little Water-Chevrotain {Dorca- 





GEOGRAPHICAL DISTRIBUTION 


421 


theriuni). Deer and wild Oxen are absent. Gnawers {Rodeniia) 
are represented by a number of peculiar forms, of which may be 
mentioned the Cape Jumping- Hare {Pedetes) and the African 
“ Flying ’’-Squirrels {Anoma/urus), The archaic order of Mam- 
mals Poor in Teeth {^Edentata) is represented by the Cape Ant- 
Eater or Aard-Vark (O rye ter opus), and Pangolins {Manis), though 
the latter are shared with the Oriental region. 

Ethiopian Birds (Aves). — Among the many peculiar forms 
it may suffice to mention Plantain- Eaters (Musopha^a), Colies 
(iZolius), Whydah Finches {Vidua), Ox- Peckers {Bupkagd), many 
of the beautiful little Sun- Birds (Neetarniiida), the Secretary- 
Bird {Serpentarius), and the African Ostrich {Struthio). 

Ethiopian Reptiles [Reptilia). — Crocodiles are abundant but 
not peculiar, while among Lizards {Lacertilid) the large majority 
of the Chameleons are limited to the region. Among the in- 
numerable Serpents (Ophidia) the Egg-eating Snake {Dasypeltis) 
and deadly Puff-Adders (Bitis) are purely Ethiopian. 

Ethiopian Amphibians (Amphibia). — The Clawed Toads 
(Xenopus) are limited to Africa, while, on the other hand, not 
only are Tailed Amphibians (Urodeia) entirely ab.sent, but also 
several families of Tailless Amphibians (Anura), e.g. the Tree- 
Frogs (HylicUe). 

Ethiopian Freshwater Fishes (Pisces). — Some of the most 
archaic types are limited to the region, eg. one of the Lung- 
Fishes (Protopterus), the Bichir (Polypterus), and the Reed- 
Fish (Calamoichthys), the last two being Ganoids. 

Ethiopian Land and Freshwater Molluscs (Molliisca). — One 
of the large Land- Snails (Achatina) is very characteristic, though 
not limited to Africa, while Land-Slugs are comparatively scarce, 
and freshwater molluscs are less abundant than in some other 
regions. The fauna of Lake Tanganyika presents some re- 
markable features. As we have seen elsewhere (see p. 313) 
the Caspian Sea and Lake Baikal were once continuous with 
the Arctic Ocean, the fact that each is inhabited by a peculiar 
species of Seal being accounted for in this way. It appears' 
that in remote geological times Tanganyika was also part of a 
sea area, and was converted into a lake as one of the results of 
a series of land-upheavals. Some of the marine molluscs and 
other animals living in the sea of which it formed a part proved 
able to accommodate themselves to the altered conditions, and 
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these ** halolimnic " forms, some to all appearance closely resem- 
bling ancient extinct types, are now found in the fresh waters of 
this lake, side by side with ordinary freshwater species. 

Ethiopian Insects (Insecta). — The region is very rich in insect 
life, but it is not possible here to enter into details regarding 
the many interesting and beautiful species. Wallace mentions 
the large and handsome Goliath- Beetles as being especially 
characteristic, and some of the complex societies of African 
Termites have been spoken of elsewhere (see p. 124). 

Fauna of Madagascar. — This subdivision of the Ethiopian 
region calls for a few remarks, since it is one of the best existing 
examples of an ancient continental island connected in remote 
times with the adjacent continent There can be no doubt that 
a large part of the Mascarene fauna has been derived from the 
mainland of Africa, but Madagascar became isolated at a time 
when that continent did not include among its inhabitants many 
of the animals by which it is now characterized. Long-standing 
isolation has also resulted in the evolution of many peculiar 
species, some of highly remarkable kind. Both the positive and 
the negative characters of the Mascarene fauna are best illus- 
trated by reference to the Mammals and Birds. 

Mascarene Mammals^ (Mamma/ia), — Of the sixty-six species 
of Mammals native to Madagascar about half are Lemurs 
(Lemuroi^ied), representing no less than nine peculiar genera 
(Lemur, Ckirogaieus, &c.), of which one (Ckiromys) includes the 
remarkable Aye- Aye. Except for about fourteen small species 
shared between the continent of Africa a J the Oriental region, 
ih'=*‘5e ill-defended creatures are found nowhere else, and their 
abundance in Madagascar is no doubt to be attributed to the 
scarcity of carnivores in that island. The case is on a par with 
that of the Pouched P jmmals of Australia. With the single 
exception of a Shrew *he Insect-Eaters (Insechvora) of 
Madagascar belong to t e prculiai family of Tanrecs (Centehdcp\ 
while the few Gnawers (/ft ioiiia) are rats and mice, all belong- 
ing to distinctive genera. Flesh-Eaters (Carnivora) are only 
represented by the Foussa (Cryptoprocta) and eight kinds of 
Civet-Cat. Of Hoofed RIammaK ( Ungulata) there is only a 
species of River- Hog [Poiamochcerus), although the Hippopo- 
tamus is known to have been once indigenous. The charac- 
teristic Apes and Monk ys, most of the Flesh- Eaters and Hoofed 
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Madai^car is a good type of "ancient continental islands” that 
in remole times were connected with the adjacent continents, which 
they broadly resemble in the nature of their fauna, though the 
separation has been long enough to render possible the evolution 
of peculiar species. Tlie Mascaiene animals find their nearest 
allies on the mainland of Africa, the characteristic monkeys, carni- 
vores, ungulates (with one exception), elephants, and ostriches of 
which however, absent. Half the Mammals (33) of the island 
are Lemurs, one of the most remarkable of which is the Aye-aye 
{Chirofnys Afada^g€iscariensis^ 1), formerly mistaken Ibr a Rodent. 
A Mouse- Lemur {Chtro^aleus pustiius^ is represented at 2. Mdst 
of the Insectivores, of which the Tenrec {Cent^tes ecaudatus^ 3) is 
best known, belong to a family (Cenietid^x) represented nowhere 
else. 

Of about 150 species of land-birds no less than 127 are peculiar. 
The two figured are a Fruit- Pigeon (Alectorcenas pulckerrifna^ 4), 
native to the Seychelles (which belong to the Mascarene sub- 
region), and a form Jala, male, 5) related to the so- 

called " Ground-Thrushes ” or Pittas, but constituting with another 
Mascarene species a special family i^PhilepiltuUt), 
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Mammals, and also the Elephants of the African continent are 
conspicuous by their absence. 

Mascarene Birds {Aves ), — The power of flight possessed by 
most members of this class to a large extent prevents the evolu- 
tion of peculiar species by isolation, and we must not therefore 
expect the land-birds of Madagascar to be so characteristic as 
the mammals, though it is sufficiently striking to find that out of 
238 species no less than 129 are limited to the island, and these 
include representatives of 35 peculiar genera. We may take as 
examples two species (of Pkilepitta) of great beauty, allied to 
the Ground-Thrushes, though constituting a distinct family, and 
four kinds of Fruit- Pigeon belonging to a genus {Aleciorocsnas) 
only represented in Madagascar and some of the snialler islands 
of the sub-region. 

Fauna of St. Helena. — This typical oceanic island, 1100 
miles distant lioiii Africa and 1800 miles from South America, 
may be taken here as a good illustration of its class. Never 
having former’ part of a continent its indigenous fauna naturally 
presents a strong contrast with that of Madagascar, being en- 
tirely made up of such forms of life as have been able to reach 
it by natural agencies. And since a broad stretch of sea is an 
insuperable barrier to animals of many kinds, the faunistic char- 
acters of St Helena are largely negative, as in all other such 
cases. On the other hand, the effect of isolation has been very 
great, and a large proportion of the species are peculiar. 

St. Helena possesses no native Mammals, Land Birds, Rep- 
tiles, Freshwater Fishes, or Freshwater Molluscs. There is, 
however, one peculiar species of Plover (/Egialitis Sanctce- 
/fe/etup) allied to one native to South Africa. Of Land-Snails 
twenty appear to be indigenous, if we include thirteen that have 
become extinct in recent times. The Beetles (Coleopterd) of the 
island have been studied with ^greater care than any other group 
of insects, and 129 species are native to the island, to which all 
except one of them are absolutely restricted. More than two- 
thirds of these beetles are weevils, and, considering the boring 
habits of such creatures, it is highly pfobable that the remote 
ancestors of many of ^hem were conveyed to St Helena by the 
agency of drift-wood. 

There can be no doubt that many of the animals originally 
native to this island have become extinct as the result of human 
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occupation^ the introduction of goats having had much to do 
with this (see p. 346). 

Fauna of the Oriental Region. — The boundaries between 
this region and the Pakearctic area are in part ill-defined, which 
naturally means the possession of a number of species in common. 
The south-eastern lx>undary, marking it off from the Australian 
region, is usually known as “ Wallace s line ”, which runs between 
Bali and Lombok, and thence northwards between Borneo and 
Celebes. Bali and Borneo thus mark the limit of the Oriental 
region in this direction. 

Oriental Mammals (Mammalia). — Taking first the Apes and 
Monkeys (Primates), we find that the higher or man-like Apes 
are shared between this and the Ethiopian region, for while the 
Gorilla and Chimpanzee are peculiar to the latter, the Orang- 
utan (Simla) and Gibbons (Hylobates and Siamanga) are purely 
oriental. The Proboscis Monkey (Nasalis) is restricted to 
Borneo, while Entellus Monkeys, &c. (Semnopithecns), with 
Bonnet Monkeys and their immediate allies (Macacus), mostly 
belong to this region. It is also the home of three species of 
Lemur, two of the Loris (or “ Slow ” Lemurs), and the little 
Spectre Tarsier. Of the first, one (Loris) is restricted to South 
India and Ceylon, while the other (Nycticebus) ranges into the 
Philippines, '^he Spectre Tarsier (Tarsius spectrum), though 
chiefly oriental, is also, found in Celebes. Two peculiar families 
of Insect-Eaters (Insectivora) are purely oriental, one including 
the Banxrings or Tree-Shrews (TupaiicUe, fig. 1290), while 
the only representative of the other is the remarkable Flying- 
“ Lemur” (Galeopitkecus). There are also two peculiar genera 
(Hylomys and Gymnura) of the hedgehog kind. Among Bats 
(CAircptera) the large Fruit- Bats (Ptercpus) are characteristic, 
though not peculiar. Among Flesh- Eaters (Carnivora) the 
Tiger (Felis tigris), though very typical, also ranges into North 
China; but there are a number of peculiar genera belonging to 
various carnivorous families, while Bears are not absent, as in 
the Ethiopian region. The Hoofed Mammals (Ungulata) are 
abundantly represented, and some of them are found nowhere 
else, e.g. the little Chevrotains (Tragulus, represented in West 
Africa by Dorcatherium), the small Deer known as Muntjacs 
(Cervulus), and certain Antelopes (Antilope and the four-homed 
Tetraceros). Rhinoceroses and Elephants (Proboscidea) are shared 
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between this region and Africa. Tapirs {Ta^tms} arc only to 
be found here and m* the Neotropical area. Of Gnawers {Ro- 
deniia) the most notable are perhaps the Asiatic Flying- Squirrels 
(Pieromys), Mammals Poor in Teeth {Edentala) are represented 
by some of the Pangolins (Manis), though some of these are also 
native to Africa. 

Oriental Birds (Aves), — Two families of Perching Birds are 


confined to the region, 
i.e, the Green Bul- 
buls {PhyllornithicUe) 
and the Broadbills 
(Eutyltemida); while 
some of the many pe- 
culiar genera include 
such better - known 
forms as the Tailor- 
Birds ^ Ohtiotomus ), 
typical Hornbills 
( Buceros ), Peacocks 
{Pavo), Peacock- 
Pheasants {PolypleC‘ 
iron), Silver Pheas- 
ants [Gcnncrus) and 
related species, and 
the Water- Pheasant 
[Hydrophasianiis), 
Highly characteristic, 
though not entirely 
limited to this region, 
are the Jungle Fowl 
{^Callus). 

Oriental Reptiles 



{Reptilia), — Crocodiles {Crocoailus) are abundant in the region, 
and the long-snouted Garials {Garialis and Rhynchosuchtis) are 


limited to it. Of the numerous Lizards {Lacertilia) the pretty 


little Flying Dragons {Draco) are purely oriental. The burrowing 
Shield-tailed Snakes \UropelticUe) are found in no other region; 
and the same is true for one genus {Bungarus) of poisonous ser- 


pents, including the Krait, which is supposed to work more havoc 
among the natives of India than any other creature of its kind. 
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Oriental A mphibians ( . / mpkibia), — Though tailed forms 
{(/rodela) are represented they are vastly outnumbered by the 
tailless ones {Anura\ but none of these call for special mention. 

Oriental Freshwater Fishes (Pisces). — Most of the Snake- 
headed Fishes {Ophiocephalida), which are able to live during 
the dry season in liquid mud, are limited to the region, and the 
same is true of the members of a small family {Mastacembelidce) 
of eel-like forms, which, however, have nothing to do ^^ith the 
true eels. 

Oriental Insects {/nsecta). — Regarding these Wallace remarks 
(in Island Life)'. — “ Among insects we may notice the magnificent 
golden and green Papilionidae \j.e. Swallow-tail Butterflies] of 
various genera as being unequalled in the world, while the great 
Atlas Moth is probably the most gigantic of Lepidoptera, being 
sometimes lo inches across the wings, which are also very bioad. 
Among the beetles the strange flat-bodied Malayan Mormol)ce 
is the largest of all the Carabidai [^,^’. predaceous ground-beetles], 
while the Catoxantha is equally a giant among the Buj)restidai. 
[The beautiful wing-covers of various species of this family are 
largely used in India for ornamental purjx)ses] On the whole, 
the insects of this region probably surpass those of any other part 
of the world, except South America, in size, variety, and’^ 5 eauty." 

Fauna of the Austrvli\n Rpgion.— “ Wallace s line" (see 
p. 413), which divides this region from that last considered, is not 
the sharply^marked boundary that was at one time supposed, 
for a considerable number of oriental forms range to the east of 
it, and Australian forms to the west of it. Some authorities 
consider that the line should be drawn to the east of Celebes, 
which would then belong to the oriental region Wallace s line, 
if thus amended, would be a somewhat sharper boundary than it 
is now. New Zealand, too, possesses such well-marked positive 
and negative features that it should possibly be considered as A 
distinct (Novo-Zelanian) region, instead of being ranked merely 
as a sub-region. A few of its peculiarities will be indicated in 
the following brief sketch. 

Australian Mammals (Mammalia ), — Among the atiimals 
found m Celebes are three belonging to peculiar genera, i.e, a 
Black Ape (Cy nopit hecus), a Dwarf Ox (Anoa), and the Babirussa 
(Porcus or Babirussa, fig. 1291), a curious pig-like form with long 
curled tusks in the upper jaw. It is also inhabited -by a species 
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of Deer, a Civet-Cat, and five kinds of Squirrel, while the Spectre 
Tarsier {Tarsus spectrum) is said to be found on a small adjacent 
island. The Deer and Civet-Cat have possibly been introduced. 
Typical PigS range as far east as New Guinea, but with 

this exception, various Bats, a number of rats and mice, and the 
doubtfully indigenous Dingo (Canis dingo) of the Australian 
continent, the mammalian fauna of the region (excluding Celebes) 
is made up of Marsupials (represented in Celebes) and Egg- 



Fig 1391 — Babiru»sa {Bubirussa) 


laying Mammals {Monotremala). The last, which include the 
Duck-Bill {Omithorhynchus) and Spiny Ant-eaters {Echidna and 
Proechidna), are found in no other part of the world, though 
Marsupials are scantily represented in America. New Zealand 
is singularly devoid of indigenous mammals, there only being 
two peculiar species of bat, a doubtfcl rat, and a problematical 
otter-like creature. 

Australian Birds {Aves).— Among the most typical Australian 
groups are the beautiful Honey- Suckers {Musiphagida), many 
distinctive kinds of Parrot and Cockatoo, Birds of Paradise, 
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Crowned Pigeons, the land Kingfisher {Dcuelo) familiarly’ known 
as the “Laughing Jackass”, the “More- Pork” birds {Podargus)^ 
the Mound- Builders. Cassowaries, and Emus. All these, except 
Honey-Suckers. Parrots (not Cockatoos), and Pigeons, are repre- 
sented in New Zealand, but the other birds named are absent 
There are. however, some highly peculiar Novo-Zelanian forms, 
found in no other area. These include the Kea and Kaka 
Parrots (Nestor), the ground-dwelling Owl -Parrot (Shnngops), 
and the Kiwi (Apteryx), which is the smallest existing represen- 
tative of the Running Birds (Ratita), But within the period of 
human occupation a number of large species of the last-named 
group existed in the islands, t,e. the “ Moas ” (Dinomithida), 
some of which were over lo feet in height 

Australian Reptiles (Reptilia), — Crocodiles range across the 
northern part of the region as far east as the Solomon and 
Fiji Islands. Among the numerous Lizards two peculiar to the 
Australian continent deserve mention, i.e. the Frilled Lizard 
(Chlamydosaurus), which can run for some distance on its hind- 
legs, and the spiny Mountain Devil (MolocK), Snakes are found 
in abundance, but details are unnecessary. New Zealand pos- 
sesses a number of Lizards (Geckoes and Skinks), but neither 
Crocodiles nor terrestrial Snakes. Some small islands in the 
Bay of Plenty are, however, of peculiar interest, for th®y are the 
home of the Tuatara (Hatteria), which is the last surviving 
member of an exceedingly ancient and once widely distributed 
reptilian order (Rhynckocephala), that was very probably ancestral 
to all the other known groups. 

Australian Amphibians (Amphibia). — Tailless forms (Anura) 
are well represented in the region, but New Zealand has only 
one indigenous species of amphibian, a sort of Toad (Liopelma), 

Australian Fishes (Pisces). — The most interesting species 
native to this region is Ceratodus, a Lung-Fish (Dipnoi) now 
limited to Queensland. 

Fauna of the Neotropical Region. — Although the results 
of isolation are not here quite so well marked as in the Case of 
Australia, to say nothing of New Zealand, the fauna of the region 
presents many well-marked characteristics, both positive and 
negative. It affords a refuge to certain archaic forms, which 
have been able to prolong the tenure of their existence in the 
absence of large numbers of carnivores, and, for the same reason. 
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may be regarded as the head -quarters of some other animals 
which, though not decadent, are comparatively defenceless. On 
the other hand, the region stands unsurpassed for variety and 
wealth of life, which is partly due to its unparalleled range in 
latitude and diversity in altitude. Every kind of climate and 
environment are exemplified, from the tropical forests of Brazil 
to the rigour of the high Andes or Tiena del Fuego, from the 
grassy pampas of the Argentine to the Patagonian desert. 

Neotropical Mammals {^Mammalia). — To this region are 
absolutely confined the American Monkeys {Cebidce) and the 
Marmosets {^H apalidce"), both (especially the latter) of lower grade 
than their Old World cousins. Lemurs [Lemuroidea) are entirely 
absent, as from America in general. There are no fruit -eating 
Bats (Pieroptdce), but a number of genera art peculiar to the 
region, especially those including the blood -sucking Vampires 
[Desmodus and Diphylld). A .somewhat remarkable negative 
feature of the Neotropical fauna is the almo.st complete absence 
of Insect-Eaters {Insectivora), The widely distributed Shrews 
{Soricidce) are, however, represented in Central America, while 
the Agoutas {Solenodon) of Cuba and Hayti constitute a distinct 
family. 

Of the most predaceous Flesh- Eaters {^Carnivora), i.e, the 
members of the Cat Family {^Felidce), there is a decided scarcity, 
the three largest indigenous s[K*cies - Puma {Felts concolor\ 
Jaguar {F. onca\ and Ocelot {F, pardalis) also ranging into 
North America. The C'ivet Cal Family {Vivc? ? idte) is entirely 
unrepresented; while of liears (Frsidte) there is only the Spec- 
tacled Bear {[^sus or/iolus) of l^eru and Chili. Weasels 
(Mt/s/e/tdtc) and creatures of the Dog Family {Canidce) are 
fairly abundant. On the other hand, the Neotropical region is 
the head -quarters of the almost purely American family of 
Raccoons {Procyonidcc) and their allies. The Kinkajou {Cer- 
coleptcs) is limited to the region, the long-snouted Coatimundis 
{Nasua^ range as far north as Texas, while the Raccoons 
{Procyon) have a wide distribution in the New World. One 
member of this family is native to the Old World, the 
Panda {yFlurus) of the south -eas*^"rn Himalayas, and we have 
here therefore a good example of discontinuous distribution. 

The positive and negative characteristics of the region as 
regards Hoofed Mammals {Ungulaia) are both well marked. 
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The Odd -toed Ungulates {Perissodactyld) are only represented 
by the archaic Tapirs {Tapirus) of South and Central America. 
They are one of the stock examples of discontinuous distribution, 
being also found in south-east Asia. As in many similar cases 
they are the last surviving representatives of a once widely dis- 
tributed group (compare p. 410). There is also a scarcity of 
Even-toed Ungulates i^Artiodiutyla\ for of non-ruminants there 
are only the little Peccaries {^Di€otyl€s\ which differ in many 
wa)s from the Swine of the Old World. They also range into 
the south of the Nearctic region. Among the Ruminants or 
Cud-Chewers {^Rumimivtia) the Deer P'amily [Cirznd(p) is repre- 
sented by a number of species belonging to two genera exclusively 
American. One of these (Pad/n) only includes a very small 
form (P. huniilis), native to the Chilian Andes, and of which the 
male possesses tiny spikes by way of antlers. Most of the 
species belonging to the other genus (Cdr/cKuj^) are restricted to 
the Neotropical region, but the largest forms, Virginian and 
Mule Ueer, which also have the most complex antlers, are 
Nearctic. The large family {Boz>:d^r) embracing Sheep, Goats, 
Antelopes, and Oxen, which has but few representatives in the 
Nearctic region, here has none at all. The Camels of the Old 
World are also absent, but the Guanaco i^Lama guanauB') and 
V^icufiia (Z. viciinid) belong to the same family [Camcluhc), and 
furnish another typical example of discontinuous distribution. 

(inawers i^Rodentid) are extremely numerous in the Neotro- 
pical region, and among f)eculiar forms may be noted the Cavies 
(Caviidis), which include the largest existing Rodent {Hyd?v- 
c/uerus capybara\ the Agoutis {Dasyproclidce), and the Chinchillas 
{Chine hi/ lidee). The archaic and decadent order of Mammals 
Poor in Teeth {Edentata) is also better represented here than 
anywhere else, for typical Ant-eaters {Myi'mecophagidd), Sloths 
{Bradypodidee)y and Armadilloes {Dasypodidcp) are only to be 
found in South America. As to Pouched Mammals {Marsu- 
pialia)y the Opossums {Didelphyida) are native to both Americas, 
while the Opossum Rats {Cmnolestes) belong to Colombia and 
Ecuador. 

Neotropical Birds {Aves), — The region stands unsurpassed 
for the richness and variety of its avifauna, while a great many 
families and genera are represented nowhere else, and some of 
the most distinctive forms are only shared with the Nearctic area. 



THK GREAT ANT-EATER {^Myrmecophaga jubaid) 


The southern land~masscs constitute the last refuge of a number 
of archaic groups, among which are the Mammals poor in Teeth 
i^Kdentatd)^ that are most abundantly represented in South America. 
The plate represents the Great Ant-eater {iMyrmecopha^a jubatd)^ 
one of the most remarkable Edentates native to that continent. 
If the long tail is included, its total length may be over 7 feet. 
The digits of the inwardly turned fore-feet are armed with long 
sharp claws, well adapted for tearing open ant-hiHs, and also 
serving as formidable defensive weapons. The small mouth is 
placed at the end of a long narrow snout, and the jaws are tooth- 
less. Ants are secured by means of the long protrusible tongue, 
which is made sticky by the abundant secretion of enormous 
salivary glands. The Great Ant-eater is a ground-animal, but 
some of its immediate relatives are small arboreal creatures. 
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THE GREAT ANT-EATER (mVrmecophaga jubata) 

ONE OF THE MOST REMARKABLE ANIMALS OF SOUTH AMERICA 
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Of Perching Birds (Passeres) a number of families are peculiar, 
and of these the following are among the most typical: — Manakins 
{Piprida\ small birds which resemble the Tits in appearance 
and habits. The large family of Chatterers {Cotingid^s), which 
include the Umbrella- Bird (Cephalopterus omatus), so named 
from its large overhanging crest of feathers, and the clear-toned 
Bell- Bird {Ckasmorkynchus), The Tree-Creepers or Picucules 
{Dendrocolaptidce) vary remarkably in appearance and in the 
nature of their nests (see vol. iii, p. 463), while some of the 
insectivorous Ant -Thrushes {ForinicaritcLr) give notice by their 
twittering of the approach of armies of Foraging Ants {Ecitons\ 
We have also the American “Orioles’' {JctericLi), among which 
are the Cow- Birds (A/o/oirus), some of which, like Cuckoos, lay 
their eggs in the nests of other species (see p. 186). The true 
“singing birds” (Oscines) of the Old World are comparatively 
ill represented in this region, the feathered inhabitants of which 
appeal more to the eye than the ear. Thrushes, however, are 
abundant. 

Among Picarian Birds {Picaria) the brilliantly coloured large- 
billed Toucans {Rhamphastidtc) constitute a family peculiar to the 
region. A well-known and remarkable family common to South 
and North America is that of the Humming-Birds (Trochilid(c\ 
which for beauty of form and plumage have few serious rivals. 
Though they range as far north as Alaska, their head-quarters 
are in the Neotropical region, which is the home of some 400 
species, about four-fifths of the total number. 

Of Parrots {Psiltaci) there are a number of genera not 
represented elsewhere, and the gorgeous long -tailed Macaws 
(Conuridcr) make up a family widely distributed through the 
region, though also ranging into the Nearctic area. 

Among true Game-Birds (Ga/lina) the large and handsome 
Curassows and their allies, which are related to the Mound- 
Builders of the Australian region, constitute a family (Cracidtr) 
which is almost entirely neotropical. The remarkable Hoatzin 
(Ppisthoco7nus cristatus\ native to the ’^>rthern part of South 
America (see vol. iii, p. 472), may perhaps be regarded as an 
aberrant game-bird, but it possesses so many structural pecu- 
liarities that it is placed in a distinct family {Opisfhocomida), 
while some authorities even consider that it is entitled to an 
order (Opisihocomi) of its own. 
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The South American forms known as Tinamous, sufficiently 
like game-birds to have earned the local name of ** partridges 
are in reality very primitive forms, which constitute a distinct 
order (Crypluri). One of the South American Birds of Prey 
{Acdpitresjy the huge Condor (Sa/rorka7?ipus gijphus) of the 
Andes, a kind of Vulture, is the largest existing flying bird, its 
spread of wing being as much as 9 feet. 

The only Running Birds {^Katit^) native to the New World 
are the Rheas {Rhea) or South American Ostriches, which are 
smaller and less specialized than their African cousins. 

Neotropical Reptiles {Reptilia). — The warmer parts of the 
region are inhabited by Crocodiles {Crocodilus), and forms 
known as Caimans {Caiman), which are pretty closely related to 
the Alligators. Among the many Lizards {Lacertilia) members 
of the Iguana Family {Iguanidtr) .ire conspicuous, though the 
group is shared with North America, and there are outlying forms 
in Madagascar and the Fiji Islands. The type-genus {Iguana) 
is only represented in tropical America and the West Indies, 
while the curious Basilisks {Basiliscus) are limited to the former 
area. The Sea- Lizard {Amblyrhynihus cristatus) of the Gala- 
pagos Islands is remarkable from its habit of browsing on sea- 
weeds which grow on the sea-floor in shallow watei^ 

Snakes {Op/iidia) are well represented in the Neotropical 
region. They include most of the s[Kcies of Boa, and the 
gigantic Anaccinda {hinutcs murinus), which is the largest known 
serpent. The harmless Coral -Snake {Ilyda scytale), coral -red 
with black rings, is native to tropical South America. Of this 
species Ckulow rcm.irks (in The Cambridoe A^atural History) 
that. “On account of its beauty, perfectly harmless nature, 
and for * cooling purposes , this snake w^hich grows to nearly 
a )cird in length, is sometimes worn as a necklace by native 
ladies”. The name Coral Snake is also applied to a virulently 
poisonous species {Elaps corallinus) nati\^e to the same area and 
also to the Lesser Antilles. It is related to the Cobras and 
Kraits of India, and the Death-Adders of Australia. 

Amphibians {Amphibia), — Though tailed forms {Urodela) just 
get into the northern part of the region, the vast majority of its 
Amphibians arc Frogs and Toads {Anura). The tongueless 
and toothless Surinam Toad {Pipa Americana), native to the 
north of South America, is one of the most interesting species. 
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which has been spoken about elsewhere, as also have some other 
neotropical forms (see vol. iii, p. 437). 

Neotropical Freshwater Fishes {^Pisces). — A large eel -shaped 
Lung- Fish (Lepiciosiren) is peculiar to South America, and the 
order {Dipnoi) to which it belongs is only elsewhere represented 
in Africa and Queensland (see p. 411). 

In ordinary Bony Fishes {'I'eleostci) the region is extremely 
rich, and a few peculiar forms require mention. One family 
{Osteoglossidce) is remarkable in the fact that its geographical 
range closely corresponds with that of the Lung- Fishes, except 
that it also includes Borneo and Sumatra. One of the neotropical 
sp<‘cies {Arapaima gigas), abundant in the great rivers of Brazil 
and the Guianas, is the largest freshwater representative of the 
order, for it may grow to a length of over 15 feet, and attain a 
weight of more than 400 lbs. Some of the neotropical members 
of the vlistributcd Cat-Fish Family {Sibu'idce) are small 

forms distinguished by their armoured skins. The Electric Eels 
{Gyninotidce) are characteristic of tropical America. 

Most Sharks and Rays {FJasmobranchii) are typically marine, 
yet some of the Sting- Rays {Trygonidcc) are at home in the great 
rivers of South America, though the Indian Ocean is the head- 
quarters of the family. 

Neotropical Land - Molluscs ( Mollusca ). — The N eotropical 
region is particularly rich in members of this group, the West 
Indies being especially so, but it is unnecessary to enter into 
details. One curious negative feature is the complete absence of 
all members of the family {Limacid^) that includes the ordinary 
Land-Slugs of the Old World, these being replaced by other 
tyj^es. 

Neotropical Insects {Insecta\ — Regarding these Wallace 
makes the following remarks (in The Geographical Distribution 
oj Animals): — “The Neotropical region is so exce.ssively rich 
in insect life, it so abounds in peculiar groups, in forms of ex- 
quisite beauty, and in an endless profusion of species, that no 
adequate idea of this branch of its fauna can be conveyed by the 
mere enumeration of peculiar and characteristic groups. . . . The 
Butterflies of South America surpass those of all other regions 
in numbers, variety, and beauty; and we find here, not only more 
peculiar genera and families than elsewhere, but, what is more 
remarkable, a fuller representation of the whole series of families. ” 
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It IS very interesting to note that in the tropical forests of South 
America the carnivorous beetles, which in countries like our own 
live upon the ground, have taken to an arboreal life. They are, 
in fact, driven from their natural domain by predaceous Ants, 
the habits of some of which have elsewhere been mentioned (see 
vol. ii. p 104). 



CHAPTER LXXVI 


LIFE IN DIFFERENT SURROUNDINGS— SHALLOW WATER, 
DEEP WATER. AND SURFACE FAUNAS OF THE SEA 


In writino this book an attempt has been made to illustrate 
some of the innumerable ways in which animals have become 
adapted to exist in various surroundinj^s or environments. Occa- 
sion has been taken to consider pretty fully adaptations to various 
kinds of k^ud, lo the exigencies of life in water, on the ground, 
in the ground, among the trees, and in the air. It may there- 
fore perhaps suffice here to deal with a few facts having reference 
to the adaptations which have been evolved in relation to exis- 
tence in the sea, especially as the last chapter has been mainly 
devoted to land animals. 

In dealing with marine* forms it is found convenient to divide 
the oceans into three zones which pass into one another, the 
Neritic, the Abysmal, and the Pelagic, each of which is char- 
acterizeep broadly s[)eaking, by a special fauna, 'fhe Pelagic 
zone includ(*.s the surface waters so far as penetrated hv light to 
any marked extent; the Neritic zone extends from high-tide 
mark to a d<‘pth of soo fathoms: and the Al'^ysmal zone stretches 
from this into the deepe st and gloomiest ocean abysses. 

It is further the practice to divide* marine animals into the 
three grou[)s of Penthos, Nekton, and Plankton, according to 
their locomotor possibilities. In the Penthos are inchided fixed 
forms, and animals which creep upon the sea- floor, or burrow in 
stone, sand, or mud. Adult corals, for instance, possess no 
power of moving from place to place, most crabs and sea-snails 
live on the sea-Hoor, w'hile many annt‘lids and most bivalves 
burrow. The Nekton is made up of animals, cetaceans 
and fishes, which are powerful swimmers and easily range from 
place to place of their own free-will. The Plankton fauna con- 
sist of weaker creatures, and numerous larvae, which float or 
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drift with the currents, nj^.iinst which the swimming powers that 
many of them possess can make no headway, though useful in a 
minor degree. Such are various animalcules, small crustaceans, 
jelly-fishes, and siilps. Flo.iting eggs and innumerable larva.* 
also belong to the Plankton. 

THE NFRITIC ZONK- LIFE IX SHALLOW WATER 

The Neritic Zone embraces the area between tide-marks, i.e, 
the littoral sub-/.one and the .shallow waters adjacent. There 
being abundant light a great \ariety of cc»lours and patterns are 
exhibited by the animals, many of these being useful to their 
possessors in one way or another. And, as might be anticipated, 
neritic animals mostly possess well -developed eyes, unle.ss they 
happen to have beconn.* adaj>ted to a burrowing mode of life. 
The faun.i of this zone is rich in the extreme, its character vary- 
ing with climate and the nature of the sea tloor, among other 
determining circumstances. l‘he intertidal area is of particular 
interest, for, being exposed to the action of the air at periodic 
intervals, it is intermediate in character between sea and land, 
presenting an environment which has n ndertxl possible the 
evolution of certain terrestrial forms (see vol. ii. p. 459), some of 
which have again more or less reverted to the ancient atiuatic 
existence.. Land-Crabs, for instance, have sprung from purely 
marine forms, while Cetaceans have undergone a secondary 
adaptation 10 the original mode of life that characterized their 
excei*dingly remote fish-like ancestors. 

Nc 7 'itzi Mammals {^Mammalia), A number of forms which 
partly belong to the land have more or less claim to be includecl 
in the fauna of this zone, though some of them also spend more 
or less of their time in the Pelagic area. Such in particular are 
the Sea- Lions or Eared Seals {Otaridee), Walruses {Trichec hided), 
and Seals (Phocided), which make up a special group {Pinnipedia) 
of the Flesh-Eaters. The Sea-Cows {Sirenia), including the 
Dugong {Halicore) and Manatee {Manattis), have deserted the 
land entirely, though the latter pass up into rivers and are there- 
fore, in part, members of the freshwater fauna. 

Neritic Birds {Aves). — The nature of the development of 
birds prevents them from deserting the land altogether, but many 
species spend so large a part of their lives on the shore or in 
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shallow water that some allusion to them is necessary here. 
Among forms which still make considerable use of the land, 
other than for nesting purposes, the Gulls (Larida^) may be 
particularly mentioned, and many others have been dealt with 
in earlier sections, while the Penguins {hnpennes) are as neritic 
as it is possible lor members of the class to be. 

Neritic Reptiles, —The only case requiring mention is that 
presented by the Sea Li/.ird {A niblyrhynchus cristatus\ which 
spends a large part of its time feeding on the sea-weeds that 
grow in the shallow water. 

Neritic F'ishes {^Pisces\~- These are immensely numerous, and 
many of them have been dealt with in other sections. The 
majority of food- fishes, for instance, are neritic, though those of 
the herring and m.ickerel kind furnish important exceptions, yet 
many of these pel.igic species favour the zone of shallow water 
for spawn'iv^ purposes. The beautiful forms which abound in 
the neighbourhood of coral-r(‘f‘^s would alone require considerable 
space to dc) them justice. The (‘fleet produced upon the imagi- 
nation by the coral fauna is vividly summarized by Alcock (in 
A Naturalist in hidiou Seas) in the following impressionist 
senUMices - “Looking back after thirteen years. I can only 
remember visions of fairy grova s and glades, lit by a strange 
ethereal light, half moon h.ilf sun, where, among Christmas-trees 
of purple and blue and golden green, fishes painted like butter- 
flies flitted and hovered ”. 'Fhose who desire to get some notion 
of the colour-schemes presented by such a fauna are referred to 
the magnificent plates in Saville Kents Great Ban iei ReeJ of 
Australia. ITere are naturally a large number of interesting- 
adaptations to be found among reef-animals, one of which has 
elsew^here been described (see p. 17:). An interesting protective 
arrangement is found in a Coral-Fish {^Epinephclus hexagonatus, 
fig. 1292) common in the Andaman Islands. The dark polygonal 
patches on its skin harmonize very well with the paiticular corals 
among which it feeds. A modification of different kind is pre- 
sented by the Parrot- F'ishes* (Scams^, which owe their name to 
the strong curved jaws that enable them to browse upon the 
branches of various sorts of coral. 

Many British fishes of no economic value haunt the neighbour- 
hood of the coast, or may be seen in tidal pools. Such are some 
of the Gobies (Gobiidee), which include the beautiful Dragonets 
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{Callionymus\ and, in warmer countries, the little Mud-Skippers 
i^Periophthalmus and Boleophthalmus)^ the habits of which have 
already been noticed. Other families are those which include 
the Blennies {Blemiiida^Y many of the Bull- Heads {Cottid<i), and 
the gorgeously tinted Wrasses {Labrida^). There are also the 
curious Pipe-Fishes {Syngnathid^e), remarkable for the brood- 
pouch possessed by the male, and among these are the Sea- 
Horses {Hippocampus, Phyllopteryx, &c.), which are not found 
in British seas. 

Primitive Vertebrates {Protockordata) of the N critic Zone , — 
Lancelots {Ampkioxus) and Acorn-headed Worms (Balanoglossus) 



Fig 1293.— Coral- Fish ^f/nMr/ 4 r/Mx A/jragiratftef) 


are widely distributed n^ritic forms, with burrowing habits. The 
zone is also inhabited by large numbers of Ascidians or Sea- 
Squirts (Vrochorda), some solitary and some colonial, which in 
their adult stage are attached to various objects. 

Neritic Molluscs {Mollusca). — Head-footed Molluscs {Cepha- 
lopoda) abound in shallow water, Squids and Cuttle-Fishes, for 
instance, being found in large numbers around our own coasts, 
while eight-armed forms, such as the Poulpe {Octopus) and its 
allies, belong as much to the Benthos as to the Nekton, of the 
Neritic region, for they crawl as much as they swim, or possibly 
more so. 

Sea- Snails and Sea- Slugs {Gastropoda) simply swarm both 
in shallow water and between tide-marks, especially in the tropics. 
Among the commonest littoral forms on the British coasts are 
the Limpets {Patella), which adhere so closely to the rocks that 
they defy the wash of the tide, to which their conical shell affords 
but little purchase; the Purple-Shells {Purpura lapillus), well 
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protected against the buffets of the waves when withdrawn into 
their thick white dwellings; and the Periwinkles {Littorina\ 
including the edible species (Z. littored) ; a smaller, more rounded 
kind (Z. obtusata), often of bright -orange hue, which crawls 
over brown sea- weeds; and a third sort (Z. rudis), that dwells 
near high-water mark and has its breathing organs modified in 
consequence (see vol. ii, p. 459). Sea-Lemons (Doris) and other 
marine slugs are also common. 

Among neritic Bivalves (LameUibranc/na) forms of economic 
importance may be mentioned, such as the Oysters (Ostrea), 
attached by the substance of one valve; the Edible Mussels 
(Alytilus), moored by silky byssus threads ; the Scallops (Pecteii), 
some of which can swim by opening and closing their shells; and 
ilie Cockles (Cardiiun), which burrow in the sand. Other delvers 
in sand or mud are the Gapers (Myd), the Razor- Shells (Solen\ 
and many mure; while Piddocks (P/iolas) and Date-Shells (Litho- 
domiis) are able to excavate dwellings in stone. 

Of Primitive Molluscs (Amphuieurd) the flattened Mail-Shells 
(Ckiion) live under stones or in rock-crevices. 

Neritic Crustaceans (Crustacea), — Prominent among these 
are the Prawns, Shrimps, Lobsters, and Crabs, of many species. 
Some forms of the last kind which we commonly see on our 
own coasts are the Edible Crab (Cancer pagurus), the green 
Shore-Crab (Cai'cinus moenas), and, near low-tide mark, the little 
flattened Porcelain Crabs (Porcellana). 

Neritic Annelids (Annelida). — Of these there is a vast host. 
Of British forms may be mentioned the actively-creeping Sea- 
Centipedes (Nereis) and many related species; the Sea-Mice 
(Aphrodite), short plump worms with beautiful iridescent bristles; 
Scale- Worms (Polynoe)\ Lug- Worms (Arenicota), that burrow in 
sand or mud; Sand-Worms (Sabellaria), living in communities 
and gluing grains of sand into dwellings; and various species 
sheltered in white calcareous tubes, sometimes irregular in shape 
(Serpuld), or coiled into small flat spirals (Spirorbis) attached to 
brown sea-weeds. 

Other Worm-like Animals of the Neritic Zone. — Here may 
be mentioned, in passing, the colonial Moss-Polypes (Polyzoa), 
of which the branching skeletons are often taken for sea-weeds; 
Nemertine Worms (Nemertea), slimy unsegmented creatures often 
found coiled up under stones; Siphon-Worms (Sipunculus), that 
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burrow in the sand; and Turbellarian Worms {Turbellaria), 
variously shaped flattened forms often seen adhering to stones 
or other objects. 

Neritic Hedgehog • Skinned Animals {^Echinodermata). — In 
warmer seas, and to some extent in our own, Feather-Stars 
{Comatiila) climb or swim in shallow water. Ordinary Star- 
Fishes {Asteroidea) use their numerous tube-feet for creeping, 
and Brittle- Stars {Ofi/iiuroidea) progress on the sea-floor by 



Fig. 1391.— Section through part of a Coral Reef 


means of their snake-like arms. Sea-Urchins (Echinoidra) creep 
slowly about after the fashion of star-fishes, and their tube-feet 
adhere so strongly to rock-surfaces that some of them can even 
withstand the surf of coral-reefs. The Sea-Cucumbers {Ho/o- 
thuroidea) of shallow water either creep or burrow. 

Neritic Zoophytes (Ccrlenterata), — -On British coasts the 
solitary Sea-Anemones, often beautifully coloured, are the most 
noticeable of the .Sea-Flowers (Anthocoa). The fauna of the Great 
Barrier Reef of Australia includes some creatures of this kind 
which are as much as 2 feet in diameter when fully ^expanded. 
In some of the warmer seas, where the water is sufficiently clear, 
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reefs are built up from the dead skeletons of a bewildering variety 
of Corals, simple or colonial, and the animals to which they belong 
are closely related to the sea-anemones. Some Corals live on 
the floor of the deep sea, 
but the reef-builders, so 
far as we know, cannot 
exist in water deeper than 
about 40 fathoms. Since 
some reefs extend down- 
wards into much greater 
depths (their foundations 
consisting of the skeletons 
of dead polypes, fig. 1 293), 

Darwin came to the con- 
clusion that such reefs had 

been formed irtareas where Fig I 94— An cncirclmg Conl Re«f m PUn and section By 
the sea-floor was sinking, with corresponding upgrowth of coral, 

o’ an atoll ng ia9s tnight be tormea 

but at so slow a rate that 

upward growth kept pace with it. The theory affords a simple 
explanation of the ring-shaped reefs known as atolls, which might 
be supposed to have come into existence from the gradual sink- 
ing of islands fringed by reefs (figs 1294, 1295). Borings recently 
made on coral islands lend strong support to the hypothesis. 




Fig ia95 — An Atoll 


The population of the Neritic zone further includes large 
numbers of hydroid zoophytes and jelly-fishes {Hydrozoa), these 
being in some cases the fixed and free-swimming stages in the 
life -history of the same species. 
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THE ABYSMAL ZONE— LIFE IN DEEP WATER 

The Abysmal Zone includes that part of the sea into which 
daylight penetrates but little, if at all. Even the average depth 
of the ocean, taken as a whole, is about 2100 fathoms (12,600 
feet), while the profoundest abysses may be more than double 
this. The deepest patch at present known is off the coast of 
New Zealand, where a sounding of over 5000 fathoms (30,000 
feet) has been obtained. It was long supposed that the deep 
sea was entirely devoid of life, but the numerous scientific in- 
vestigations made during the last few decades have proved that 
even at great depths there is a rich and varied fauna, closely 
allied to that of the Neritic zone, but presenting many peculiar 
features in relation to the entirely different physical conditions. 
Except where this realm adjoins the Pelagic zone above it, it is 
probably in complete darkness so far as daylight is concerned, 
though it is more or less lit up by the phosphorescent glow given 
out by many of its inhabitants. The pressure is enormous, and 
the deep sea is also very cold, the temperature of its floor not 
being far removed from freezing-point. There is a complete 
absence of plants (except perhaps bacteria), and many of the 
animals are consequently predaceous in a marked deg^ree. The 
requisite supply of food is maintained by the dead organisms 
which rain down from the Pelagic zone, or get washed in at the 
sides from the Neritic zone. Deep-sea animals present a great 
variety of colours, though no one tint can be said to characterize 
the fauna as a whole, and there is generally no blending of differ- 
ent hues in the same animal, nor any complex patterns or mark- 
ings. It would seem that the utilitarian explanations that are more 
or less applicable to the colour-schemes of neritic forms fall short 
here. Ceruin other features will best be explained by briefly 
reviewing some of the chief groups of animals. 

Deep-Sea Fishes {^Pisces ). — Most of the fishes of the deep 
sea are black or brown in colour, but some of them are purple, 
pink, or red, and since these brighter hues are most prevalent 
in the upper regions of the abyss, at depths of from 100 to 250 
fathoms, it is not impossible that they may correspond to a dull 
kind of sunset illumination due to light which has filtered down 
from the surface. Many deep-sea fishes are also characterized by 
the possession of variously arranged phosphorescent organs on 



THE ABYSMAL ZONE— LIFE IN DEEP WATER 


443 


the head and body, but the use of these can only be conjectured 
in most cases. In some of the Deep-Sea Anglers (e.g. Melano- 
cetus Murrayt) a luminous knob at the end of the “ lure ” almost 
certainly serves the purpose of attracting prey (see vol. ii, p. 85). 
The bodies of these abysmal forms are of great fragility, and 
there is a deficiency of lime in their skeletons. Huge mouths, 
provided with formidable teeth, associated with swallowing powers 
of no mean order, distinguish many species, giving them a hungry 






Fig 1396 —P’ind Dcfp Sea Fishe« i, Typhlonua nasus a, Ipnops Munrayi 3, Aphyonus gelatinosus. 


and ferocious appearance, and suggesting that no chance of a 
square meal is let slip. In the manner of sight there are startling 
differences which at first appear difficult to reconcile. In most 
cases the eyes are either large and owl-like, serving to catch the 
faintest rays of light, or else they are degenerate, sometimes, 
indeed, having entirely disappeared (fig. 1296). It is usually 
supposed that those fishes descended from ancestors which ex- 
changed neritic for abysmal life with sufficiently plastic eyes, so 
to speak, to render their adaptation to the new conditions possible, 
have gradually acquired exaggerated positive characteristics, while 
the blind or purblind forms have taken origin from ancestors in 


444 


DISTRIBUTION IN SPACE AND TIME 


which such plasticity was absent It is also clear that species 
which spend more or less of their time in the uppermost part of 

the abyss (and even in the Pelagic zone) 
have a better chance of improving their 
organs of vision. But the matter is still 
in the conjectural stage. 

Some of the fishes which see indif- 
ferently or not at all partly make up for 
the deficiency by the possession of long 
feelers, derived from fin - rays, which 
serve as a means of exploring the sur- 
rounding area to some distance (see 
p. 28). 

Deep - Sea Molluscs ( Mollusca ). — 
Some of the deep-sea Cuttle Fishes (e.g. 
Taontus abyssicola, fig. 1297) are dis- 
tinguished by the possession of excep- 
tionally large eyes. The species figured 
has been dredged from depths of 902^ 
1370 fathoms in the Indian Ocean. 
Fig. 1197 -Deep .e i ( utti- i-ish Fhcre drc also several cui ions Octopods 

akyssu It with large eyes i . . v i' i j 

(see vol. Ill, p. 33). 1 he emails and 

Bivalves possess unusually thin and fragile shells, while some of 
the former have lost the characteristic rasping -organ (pdontophore) 



Fig 1198 —Deep Sea Prawn {Glyphoctangon pnoHonota) with large eye», and well Jivcioped org**!!* of smell 


Deep-Sea Crustcueans {Crustacea ). — Pink and red are here 
the prevailing colours, but some forms are purple, yellow, cream- 
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colour, red, and even white, while others are spotted or striped 
in a simple manner. The hard investment of the body is 
comparatively thin and free from lime. As among Fishes, we 
find that the eyes are either greatly developed, or else more or 
less degenerate. We may take as an example of the former 
condition a kind of Prawn 
{Glyphocrangon priononota, fig. 

1298) inhabiting the Indian 
Ocean at depths of 865 -1022 
fathoms. The figure illustrates 
two other interesting features. 

One branch of the first feelers 
(the thicker of the two fila- 
ments seen projecting in front) 
is of brP’e size, and as this is 
the region which bears the 
olfactory organs the possession 
of a keen sense of smell may 
be inferred. There is, further, 
a sharp defensive spine at the end of the tail, which can be turned 
up and held in that position by a sort of “ locking joint ”, acting 
as a bayonet to repel enemies at close quarters. It also appears 
that in some deep-sea crustaceans the fluid excreted from the 
renal organs gives out a phosphorescent light. In another kind 


A 

A 

A 



Fig. 1299. —Large Eye* of a Deep bea Prawn [Para- 
pattdalus sfint/€t}, enlarged a. Accessory eye (?) or 
luminous organ (T). 



Fig 130a “A Blind Deep-Sea Shrimp [trionocrangon ommaiosttrts'S 


of Prawn [Parapandalus spinipes, fig. 1299) there is what looks 
like a small accessory eye near the big one. If, however, this 
is really a luminous organ, as some think, the prawn provides 
its own eyes with light 

To illustrate blind crustaceans we may take one of the 
Shrimps [Prionocrangon ommatosieres, fig. I3<xi), which is 
absolutely destitute of eyes. 
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fig ijoT -Group of Deep Se-i AnimAU In foreground— a Sea Cucumber on left, and a Coral {I opkoheltM) oc 
right At back— Venus Flower Basket {LMpltciella) on nght, two Sea Lilies [Rkitocrtntu Pentaertnns) in cintK, 
and on left. In the middle— a Pelican Fish [^Saccopkarynx ftltcmrundts) 


The Stopper- Fisted Hermit-Crabs {Pylockeles) cf the Indian 
Ocean and Caribbean Sea do not possess the twisted tails of 
our common native species, which live in cast-off snail-shells, 
nor is one of the pincers much larger than the other. These 
particular hermits are in all respects symmetrical, in adaptation 
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to their dwellings, which consist of water-logged joints of man- 
grove or bamboo. The large pincers act as a front-door, but a 
looi)hole is left between them to serve as a means of observation. 

Certain kinds of crustacean grow to a very much larger size 
in the deep sea than elsewhere. Among the Slaters {Isopoda)^ 
for example, of which the terrestrial wood-lice arc the most familar 
types, we find one species {Jiatkynoiuus gigantciis) which is a 
foot long. 

Hedgehog -Skinned Anmials (Hchinodermafa) of the Deep 
-Star- Fishes. Brit tie- Stars, and Sea-Urchins are all abun- 



dantly represented in tlic abyss, while the beautiful Sea-Lilies 
(C'rnwidea, fig i^oi), the representatives of a once dominant 
group, are found only in this /one. To this too arc restricted the 
Flasipods, remarkable tind apparently primitive t\pes of the Sea- 
(dicumbers {ffolothnroidca). They have a flattened under sur- 
face, and creep about like slugs on the soft deposits which cover 
the sea-floor (fig. 1301). 

Abysmal Sea - “ Spiders {Pycnogoftida). — These curious 
jointed-limbed animals, which in the Neritic zone are represented 
by comparatively small forms, attain relatively colossal propor- 
tions in the abyss. One of them (Colossendeis) is represented 
in fig. 1 302. 

Deep-Sea Corals {Anthozoa) and Sponges (Poriferd), — Some 
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very beautiful Corals and Sponges are found in the deep sea. 
Some of the latter resemble elegant vases in shape, with walls 
supported by glassy threads interwoven like lace (fig. 1301)1 
Others are moored in the soft deposits of the sea-floor by long 
bundles of slender spicules of similar nature. 

PELAGIC ZONE-SURFACE LIFE 

It will here be convenient to consider separately animals which 
are powerful swimmers (Nekton) and those which float or drift 

(Plankton). 

Pelagic Nekton. 
— Among Mammals 
we find that the 
Pinnipede Carnivores 
(see p. 436) spend 
more or less of their 
time in this zone, to 
which they partly be- 
long. More purely 
pelagic, and alto- 
gether independent of 
the land, are Whales 
and their allies 
(Cetacea). There are 
also Birds which are 
pelagic, notably the 
Albatross (Dio^nedca 
exulans) and the 
Tropic Birds (Pka- 
‘(tthon)\ while the Sea-Snakes (Hydrophina) of the Indian Ocean 
and part of the Pacific belong here in the main. A number of 
Fishes are chiefly met with in the open sea, among them being 
the Blue Shark (Carcharias glaucus) and the Rondeletian Shark 
(Carcharodon Rondeleiii). The Flying-Fish (Exoccrhis volitans) 
and its enemy the Bonito {Aldicoye bomtd) are also pelagic, 
and so is the remarkably -shaped Sun-Fish {Orthagorisc 7 is mola, 
fig. 1303). Many of the best swimmers among the Cuttle-Fishes 
and Squids are also found at or near the surface of the sea, far 
away from land 



t’lg. tjoj —Sun- Fish fOrtAaf<mtcus mola) 
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Pi-L^Gic Plankton. — I he floating and drifting population of 
the sea possess a number of common characteristics related to 
their mode of life. They are typically translucent or transparent, 
a feature due to the large proportion of water in their tissues. 
By making some of them more or less difficult to see, this may 
serve to some extent as a means of protection (see vol. ii, p. 278), 
and by reducing the density their bodies it must certainly 



Fig X304— Akij \iumakulc f/tttssi /i /t wiili bubl h prot pi i m inuLh enlarged 


render flodtinsr <1 compdrdtn el\ easy matter The latter purpobe 
is also promoted b> arransrements of other kind In many of the 
minute crustaceans and crustacean lar\ iC, for example, there are 
numerous spines and h.iirs which must reduce the tendency to 
sink. Oil - globules are of common occurrence, both in adult 
animals and in some floating eggs, such as those of fishes. And 
there may also be gas-receptacles for buoying up the body. In 
some of the Animalcules, for exa nple, the li\ mg substance 
(protoplasm) of the animal is of “bubbly” consistency, owing to 
the presence of minute spaces filled with liquid, or even gas 
(fig. 1304). In many of the Compound Jelly-Fishes {St/>kono- 
pfiora) there is a gas filled float at the upper end of the colony. 
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and sometimes {Velella, fig. 1305) a crest projecting from this 
may almost be said to serve as a sail 

It must not be supposed, however, that plankton .animals are 
always found at the surface, for, on the contrary, they are able 
to withdraw themselves from it to a greater or less depth, and 
thus avoid the damaging effects of a rough sea or an excess of 
temperature. Our ignorance is at present too great to enable 
us to explain the reasons for all the upward or downward move- 
ments which constantly go on, sometimes in a curious periodic 
mannen As Hickson says (in The Story of Life in the Seas. 



Ftg 1305.— Vvidb 

a little book which is heartily commended to the attention of 
readers) — “ The fact is, that the conditions of life in the surface 
waters are so complicated that it is extremely difficult for us to 
accurately estimate the balance of the forces which act upon these 
organisms. The direct heat of the sun, the light of both the sun 
and the moon, the tranquillity or roughness of the sea, the con- 
ditions of the tides anc winds which cause changes in the surface 
temperature of the wai "r, independently of the direct heat of the 
sun, all influence the delicate tissues of which these animals* 
bodies are composed, and cause them to change their position.” 
Phosphorescence is another common property of plankton animals, 
and its meaning is in many cases difficult to understand. Plank- 
tons are of very various character Some contain animals of 
many different species, others consist of a single form of life. 

Vertebrates (Vertebrata) of the Plankton, — Among Fishes 
(Pisces) occasion has already been taken to note (see vol. iii, 
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p. 425) that a great many species lay floating eggs, and these, 
together with the transparent larvae that hatch out of them, 
belong to the plankton fauna. Primitive V^ertebrates (Proto- 
ckordatd) are abundantly represented by certain Sea- Squirts or 
Ascidians (Urochorda), including some little tadpole-shaped forms 
(Appendicularia, &c.). Barrel Ascidians (Doliolum), Salps (Salpa), 
and Fire-Cylinders (Pyrosoma), all of which have received notice 



Fijj 1306 hooicd Snails a Cuviermi b, Clio c, Cm«is, D, shHI of Cleodors t, Limaan 

r, Chone u, Hilcpiiv<he h, front ptrt of Pnetimoderma, with hool. bearing tubes and groups of stalked suckers, 
secunng prey a-e, ‘>hell b«,aring forms f-h shell less forms 


in earlier sections (see vol. i, p. 299; vol. iii, pp. 38 and 422; an 
p. 106 of present volume). 

Plankton Molluscs (Mollusca). — The beautiful V iolet - Sna 
(lanthma), with its egg-raft, belongs here, also the members c 
the remarkable and diversified group of Fin-Footed Snails (Hetero 
poda\ and a curious little Sea-Slug (Pkyllirhoe), which is flattene 
from side to side (see vol. iii, pp. 34 and 36). Far mo’ 
characteristic than these, however, are the little Wing- Foot* 
Snails (Pteropoda, fig. 1306), which are often found associat* 
in vast shoals, affording an important contribution to the bill 
fare of animals so large as Whales. 
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rhe larvae of numerous Molluscs simply swarm in the surface 
waters of the sea. 

Plankton Insects {Insecta). — Although Insects are essentially 
land-forms, a few Bugs (e.g. Halobates) live on the surface of the 

open sea. 

Plankton Crusta- 
ceans {Cj'ustacea). — 
Many members of 
this group, and in- 
numerable crustacean 
larvae, are among th( 
most important plank- 
ton animals. Some, 
as the Swimming - 
Crabs, may be of fair 
size, but by far the 
most domin.un order 
is that of the Fork- 
F ooted C rustaceans 
(Co/>epocia, fig. 1307), 
which are of great 
economic importance, 
because they constitute 
the staple diet of I ler- 
rings and some other 
valuable food - fishes 
(see p. 283). 

Plankton Annelids 
(Annelida). — Some 

Fil. W -FoA-FootwI Cnisuj*^ weU-developml Kmb.. members of this rOUD 

1, Ones* venuau, a, CopUia vitrea. 3, Calocalanua pavo. o r 

are specially adapted 
to a life in the surface waters, and one remarkable example 
(Tomopteris) has elsewhere been described (see vol. iii, p. 22). 

Plankton Eckinoderms (Echinodermata).- -The curidus larvae 
of all sorts of Echinoderms are abundantly found in plankton at 
certain times of the year, but the adult members of the group 
seem little suited for this kind of life. A kind of Sea-Cucumber 
(Pelagotliuria\ however, has acquired the necessary adaptations 
for the purpose (see vol. iii, p. 24). 

Nemertine Worms (Nei?iertea) of the Plankton. — The larvae 
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of these curious Worms, like those of the last-named group, are 
well represented in the surface waters of the sea, and some adult 
Nemertines have given up creeping and taken to a pelagic life. 

One of the most remarkable {Peia- 
gonemeries) is represented in fig. 
1308. 

Plankton Thread- Worms {Ne- 
matkehma). — Among the com- 




Fig 1308 —Pelagic Nein«'rtine Wonti 
{Fiiai,<.n£niertei , reduced 


Fig T3QQ —Night T ight Animalcules 
(J\octtiuca), enlarged 


monest inhabitants of the surface waters are the curious little 
fish-shaped Arrow- Worms {Sa^itta, Spadtlla, &c.), which con- 
stitute a special group [Chceiognatha) that is generally supposed 
to be an outlying constituenc) of the Thread-Worms (see vol. iii, 
p. 21), though its affinities are doubtful. 



Ftg 1310^— Shells of Ray Anim-ilmles [Roiitolana] imbedded in the 
fibrous skeleton of a sponge 


Plankton Zoophytes (Ccelenterata) —A bewildering variety of 
jelly-fishes, belonging to all sorts of groups, abound in the surface 
waters. Many of them have abandoned altogether the fixed 
zoophyte-stage that is found in the life-history of many such 
creatures (see vol. iii, p. 349). Perhaps the most interesting 

Vol IV 124 
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among them are the Compound Jelly-Fishes (SipAonophora), 
which are floating colonies, often of very complicated nature, as 
the members of the colony are modified in many various ways in 
order to fit them for diverse functions (see p. 103). 

Plankton Animalcules {Protozoa), — One very interesting form, 
the Night-Light Animalcule {Noctiluca, fig. 1309), is a common 
cause of the phosphorescent appearance of the sea around our 



Fig 1311.— Gronp of Foraminifcra. t, Amniodtvnis incertut; *, A. charoidc^' i Tmchammina coronata; 
4, T nitida. 5. Texiularii aKKlutinan^; A. Vemcuiluia pygmaea; 7, Lagciia senuiiuda. 8, iNodoaaru scaiaris; 
9, Ramulina globulifera. 10, PolystooicliA imperatrix. 


coasts. Two groups are very dominant in the plankton, the 
Ray- Animalcules {Radiolaria, fig. 1310) and the Forams {Fora- 
mini/era, fig. 1311). The former possess a flinty skeleton, often 
of great complexity and beauty, while the latter are provided 
with elegant calcareous shells of the most various shapes. Vast 
areas of the sea-floor are covered by soft “oozes”, w’hich are 
largely composed of the hard parts of deceased members of 
these two groups that are being continually rained down from 
the surface waters. There also appear to be some few species 
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of both groups that actually live on the floor of the abysmal 
zone. 

Besides the typical plankton fauna which has just been briefly 
dealt with, the Pelagic zone is also inhabited by another assem- 
blage of animals associated with various drifting objects, and 
particularly with the vast accumulations of sea-weeds that are 
found in the Sargasso Sea and elsewhere. Details would here 
be out of place, but it may be remarked that fixed forms of life, 
such as hydroid zoophytes, by attaching themselves to floating 
sea-weed, are enabled to maintain a foothold in the Pelagic zone. 
It is a matter of common knowledge that one of the most curious 
of fixed Crustaceans, the Ship- Barnacle (Lepas), is commonly 
found adhering to drifting objects. 

The skins of Whales and Fishes also afford a home to quite 
a number of attached species, some of which are external parasites 
belonging to various groups. And many pelagic animals are also 
the unwilling hosts of numerous internal parasites, from which 
no zone affords escape. 

Large bodies of fresh water may also be divided into zones, 
inhabited by characteristic faunas. The plankton of lakes is of 
particular interest, and also of some economic importance, as its 
population augments the food -supply available for freshwater 
fishes. 



CHAPTER LXXVII 

DISTRIBUTION IN TIME— THE GEOLOGICAL RECORD 


If a large and complicated tree were submerged in water 
except the ends of some of its branches, these ends, projecting 
above the surface, would have the same sort of relationship to 
one another as existing groups of animals. To sketch the sub- 
merged tree on the evidence of the parts seen above water would 
prove a hopeless task, and to determine the mutual affinities of 
existing groups of animals without knowledge of their past history 
is also a difficult matter, though structure and development give 
many clues. Geology, however, furnishes us with a great deal of 
material from which to reconstruct the ancient life-history of the 
earth. It deals with periods of which the oldest date back to 
immensely remote times, if measured by the ordinajy human 
standards of years and centuries, and the history of mankind 
occupies only the last page of the chronicle. 

The Geological Re(*ord. — At the present time deposits of 
sand, mud, and limestone are being formed in the sea, in bodies 
of fresh water, and some other places, and these enclose the 
remains of dead animals, such as are well provided with hard 
parts standing the best chance of preservation. These deposits 
are arranged in successive layers, of which the uppermost are 
necessarily the youngest, and contain the remains of such animals 
as have most recently deceased. Examination of the hard frame- 
work of the land shows that a large part of it is made up of rocks, 
such as clay, slate, sandstone, and limestone, which are similarly 
arranged in layers, i,e, are stratified, each such layer being known 
as a stratum (fig. 1312). Imbedded in these strata are fossils, 
which are no other than the remains of animals (and plants) 
which once existed, or markings, e.g. footprints and other im- 
pressions, that prove the existence of certain forms of life at the 
time when the rocks containing them were formed. These strati- 

406 
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fied rocks, the pages of the geological record, are the deposits 
formed in ancient seas and ancient lakes, or more rarely on old 
land-surfaces, in the same way that sand, or mud, or ooze is now 
accumulating on the floor of the existing ocean, in existing bodies 
of fresh water, or, it may be, on land. Such old deposits, how- 
ever, have usually undergone more or less consolidation, and 
those which we now find above- water owe their present position 
to movements of elevation, such as are even yet in progress in 
certain parts of the world. But as these movements are generally 
extremely slow, they usually produce no obvious result in the 
brief span of a human lifetime. Remembering that a particular 
stratum or layer of rock (and of necessity its fossils^ is older than 
those which rest upon it, and younger than those which underlie 
it, geologists have been able to arrange 
the differv strata in their proj^er chrono- 
logical sequence, and thus to construct a 
continuous geological record, often pic- 
turesquely known as the “record of the 
rocks 'Fhc fossils of the record obviously 
afford some idea, though necessarily an 
imperfect one, of the successive faunas of 
the globe for many millions of years, how many can only be 
conjectured. A hundred millions is a common estimate, based 
on many different kinds of evidence. 

Geological Pehiops. — Without entering into details which 
may be found in any text-book of geology, it may be stated that 
the geological record can be divided into four great epochs, which 
are, beginning with the youngest: 



Fig 1312 — Strau in Vertical Scctioo 


KAINOZOIC EPOCH (Gk. katnos, recent; soe, life). — Age of Birds 
and Mammals. 

MESOZOIC EPOCH (Gk. mesos, middle; w).— Age of Reptiles. 
PAL/EOZOIC EPOCH (Gk. pa/aios, ancient; sol ). — Age of Amphi- 
bians, Fishes, and Invertebrates. 

EOZOIC EPOCH (Gk. eos, dawn; w/).— Age of Unknown Life. 


The time represented by these four epochs is of very unequal 
length, but the Kainozolc, in which we live, has endured for a 
much shorter period than the Mesozoic, which in its turn was 
briefer than the Palaeozoic, while possibly the Eozoic was longer 
than the other three put together. The entire geologrical record 
includes stratified rocks to a thickness of over 100,000 feet, a 
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sufficiently bulky volume in which to study the evolutionary his- 
tory (phylogeny) of animal groups. As will be seen from the 
above indication of the types dominant in the successive epochs, 
there has been a successive progress from low to high, in con- 
formity with the doctrine of evolution; but the record is very 
imperfect, and that part of it belonging to the Eozoic is made 
up of pages which so far have turned out to be practically blank. 
Many parts of the world, however, are as yet unexplored, so far 
as their geology is concerned, and during the last few decades 
the additions to our knowledge have been so great that much is 
to be hoped for in the future. 

LIFE IN THE PALAEOZOIC EPOCH 

That animal life existed long before the commencement of this 
epoch is sufficiently shown that in its earliest stage all the great 
groups of Backboneless Animals (Invertebrata), save those en- 
tirely devoid of hard parts capable of preservation, are represented, 
mostly by forms which we are able to classify with some approach 
to certainty. And before the epoch came to an end all the classes 
of Backboned Animals (Vertebrata), except PrimitiverVertebrates 
(of the past history of which, owing to the soft nature of their 
bodies, we can never'hope to learn much), Birds, and Mammals, 
had come into existence, as testified by numerous fossils. 

PALitozoic Animalcules (Protozoa). — The Ray-Animalcules 
i^RadiolaricL) and Forams {Foramini/era) are here and there abun- 
dant. The flinty shells of the former make up hard siliceous 
bands (cherts) which were certainly deposited in very deep water, 
and correspond to the Radiolarian oozes which now cover parts of 
the ocean floor. Some of the limestones {e.g, the Fusulina lime- 
stone) belonging to that part of the epoch when our coal-fields 
were formed are made up mainly of the shells of Foraminifera, 
and these may be compared to the wide-spread foraminiferal oozes 
of the present day. 

It may be remarked, in passing, that some of the rocks of the 
Eozoic epoch (in Brittany) contain the remains of Ray^Animal- 
cules. 

Pal.eozoic Zoophytes (Ccelenterata). — The variously-shaped 
colonial forms known as Graptolites {^Rhabdophora, fig. 1313) are 
largely represented in some of the older Palaeozoic rocks, and the 
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group died out entirely before the end of the epoch. They were 
very probably related to the existing Hydroid Zoophytes, and 
most of them belonged to the plankton of their time, and were 
most likely attached to drifting masses of sea weed. In fact, 
Sargasso conditions were probably then more widely spread than 
now. 

Corals were extremely abundant, and some of them were reef- 
builders, but they were mostly of a more primitive type than those 
now existing, and chiefly belonged to the extinct group of Four- 
Rayed Sea- Flowers (7 
tima or Rugosa). 

Pal/I-ozoic Hfdglhog - 
Skinnld Animals (Echino- 
dermaia). — Sea- Lilies (Cn- 
noidey)y now a declining 
group, were extremely abun- 
dant, and some of the Palaeo- 
zoic limestones are mainly 
composed of their remains. 

Two other classes of fixed 
Crinoids are limited to this 
epoch, and one of them 
(Cystoidea) is of particular 
interest, because it pro- 
bably represents the stock 
from which all other echino- 
derm groups have been derived, directly or indirectly. The 
other order {Blastoidea) was a sterile side -branch. Star-Fishes 
{Asteroidea) and Brittle- Stars {Ophim^oidea) were both repre- 
sented, and one of the former {Pa/crodiscus) possessed a biting 
apparatus like that of many Sea-Urchins. The class {Bchin- 
oided) to which creatures of the last-named kind belong was 
represented by a number of primitive types, with more numerous 
plates than later species, and (on the evidence of Palseodiscus) 
it has been suggested that Sea-Urchins are descended from Star- 
Fishes. 

Paleozoic Lamp- Shells (Brachiopoda). — This group of 
greatly specialized worms, distinguished by the possession of a 
bivalve shell, at the present time contributes but little to the 
fauna of the sea. In the Palaeozoic epoch it was extremely 



Fiis 131-)— Forked Grapeolun> Dtdymograptia'\ on the 
surface of a piece of rock A small part of one is drawn 
to a larger scale: 
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dominant, and embraced a great variety of species, mostly be- 
longing to extinct types. It is notable, however, that some of 
the lowlier forms which lived at the beginning of the period, 
the Tongue-Shells {Lingula^ &c., fig. 1314), have persisted 
to the present day with but slight modification, so far as can be 
judged from the shell alone. That these and other “persistent 
types " should remain unmodified for vast periods 
of time has been brought forward as an argu- 
ment against the doctrine of evolution. It is, on 
the contrary, what might be expected to some- 
times occur in animals devoid of relatively com- 
plex adaptations to their surroundings. It was 
also at one time positively stated that Lamp- 
... Shells, taken as a whole, afford ho instance of 

«/£■), ^MDCwnat enlarged , 

modification on evolutionary lines. Of late years, 
however, thanks to the brilliant work of the American school of 
geologists, we know that the evidence afforded by this group is 
enough in itself to convince any candid naturalist that evolution 
has been the guiding principle in the animal world. 

Paleozoic Jointed- Limbed Animals (Arthropoda). — All 
the existing orders of Crustcueans (Crtis^acea) were represented 



Fif. 1315.— Upper Surfkcce of three Trilobices. Olenut (left), POradoxidet (centre), Olenellus (right). Actual 
lire indicated by the fiactiom. 

in the fauna of this epoch, except the Fork-footed Crustaceans 
(Copepoda), which are of too delicate a nature to be preserved as 
fossil, though they no doubt existed. It is noticeable that some 
of the more primitive types made their appearance very early, 
the contrary being true for the more specialized ones, such as 
creatures of the prawn and crab kind 



Fig 1314 — A fossil 
Tongue - Shell {Ltn^a- 
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The curious Trilobites {Trilobiia, fig. 1315), which constituted 
a closely allied class, were dominant in the older Palaeozoic periods, 
but became entirely extinct before the end of the epoch. In these 
creatures the upper side of the body was covered by a firm in- 
vestment divided into a head-shield, a varying number of thoracic 
segments, and a tail-shield. There was also, as a rule, a longi- 
tudinal division into three regions, 
and this is the origin of the name 
“ trilobite The numerous species \ / 

exhibited a great range of characters, A 

both as regards size, shape, and other 
features. The upper side of the head- 
shield often bore a pair of eyes, fre- 
quently large and facetted, but visual 
organs s sorncaimes entirely ^<b 
sent. Our knowledge of the under 
surface and limbs of trilobites was very 
incomplete till comparatively recently, 
partly on account of the delicacy of 
these parts, but now, chiefly owing 
to the investigations of American 
geologists on certain well-preserved 
species, many points relating to them 
have been elucidated. The head 
carried a pair of slender feelers, and 

there were numerous pairs of forked ‘ ® ^ 

... 1 r 1 * J * — A, Under side of a 1 nlobuc ( 7 n- 

IimbS used tor crawling and swim- arthms, rcsioreil showing Ihe numerous jointed 

ming, while some of those in the LT.: 

region of the mouth acted as jaws 
(fig. 1316). Many of the stages in 

growth have been observed, and it may be said that trilobites 
which, when adult, are of simple structure, resemble the early 


Fig 1316 — A, Under side of a Inlobilr ( 7 n- 
arthtus, restored showing the numerous jointed 
limbs ant , antennae, »/, upper lip, It, lower 
lip D, Diagrammatic cross section tliiough same, 
showing liinb-regions _/, Projection serving as a 
JAW, siu and cr , swiinminjoind creeping branches 


stages of those which attain to greater complexity. This is 
precisely what the doctrine of evolution would lead us to expect. 
It may be added that many trilobites were able to roll up like 
hedgehogs, and this was no doubt a means of protection. 

Appearing rather later in time than the Trilobites, which they 
to some extent supplanted, we find Eurypterids (e.g. Pierygotus, 
fig. 1317), some of which attained a length of about 5 feet. 
They died out before the end of the epoch, and appear to have 
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been related to the Crustaceans. The King-Crabs {Xiphosura\ 
now represented by a single genus {Limulus\ first made their 
appearance in Palaeozoic times. They are sometimes included 
with the Eurypterids in a special group {Aferostomaia). 

Centipedes and Millipedes (A/yriapoda) were represented by 
several palaeozoic forms with somewhat primitive characters, while 
among Spider- like Animals (AraeAnida) there were Scorpions, 
which appeared compiratively early, Whip - Scorpions, and 
Sptiders, besides representatives (e.g. EophrynuSy fig. 1318) of 



Fig 1317 — A Fiu'>prtTi I , much reduced Fig iit 8 —An extinct ArarhunJ ^ ophrynut) 


an order limited to the e|)och. Four orders of Insects (Insecta) 
had paLeo/oic representatives, i.c. Primitive Wingless Insects 
(Ap/era), Straight- Wings {Orth opt era). Net- Wings {Kcitroptera\ 
and Bugs {Hemiptera). Some of them were of considerable size, 
and it is by no means certain th.it the older typ(‘s really belonged 
to existing orders. 

PAL^!.ozoIC Molluscs ( Mollusc a). — Among I lead- Footed 
Molluscs {Cephalopoda) now existing, only the Pearly Nautilus 
{Nautilus) possesses an external shell, of which the part not 
occupied by the animal is diviiled by p.irtitions into a s(‘ries of 
gas-filled chambers. But in the palaozoic rocks we find the re- 
mains of a great many species thus characterized. Their shells 
were straight, curved, open spirals, or closed spirals, like that of 
Nautilus, which dates back to the middle of the epoch. It seems 
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prolxible that the straight-chambered shell was first evolved, and 
that this gradually underwent a process of coiling up, as a means 
of facilitating locomotion. 

Marine Snails (Gastropoda) are abundantly represented among 
the pakeozoic fossils, and it may be said generally that they be- 
longed to the more primitive families, and were mostly of vege- 
tarian habit. We also know that Land -Snails existed. The 
'Tusk-Shells (Scaphopoda) date back to this epoch, and Bivalves 
(Laviellibmnckia), the older ones of primitive t)’pe, were abundant. 
Pidmiiive Molluscs (Amphincurd) were rej)resented by Mail- Shells 
(Chiton, &c.) of various kind. 

pALno/oic Fishes (Pisi es). — There is no clear 
proof of the existence of fishes in the earlier rocks 
of the ejx)ch, but later on they becante abundant. 

The teeth and spines of Sharks, &c. i^Elasmo- 
branclui), are common fossils, and the armour- 
plated marine ancestors of Ganoids (ilanoidei) were 
abundantly represented, as also forms in all ])roba- 
bility ancestral to the Lung-Fishes (fhpnoi). Many 
palaeozoic fishes also belonged to ordcTS that are 
now extinct. Some of the oldest of the fish-like 
forms, distinguished by a covering of shelly plates 
on the front part of the body, also b) the absence of lower jaws 
and paired fins, were probably not really fish(‘s at all, and have 
been placed in a special group (Ostracoderniata, fig. 1319) of 
low'er rank. 

Pal 1 o/(n(' AMruniiANs (AMmiaiA). —These are represented 
in the second half of the e[X)ch by numerous sjiecies, all belonging 
to an extinct order (Stegocephala), distinguished by the possession 
of skins which were more or less armour-plated, especially on the 
head While some of these creatures were small, others attained 
considerable dimensions. The footprints of some of ilieiii have 
been preserved. The chief interest attaching to the order lies 
in the fact that it was probably ancestral to Reptiles. It is also 
worth while noting that some few^ members of the order (e.g. 
Dolichosoma) were limbless and snake-l'fe, suggesting a com- 
parison with the recent Csecilians (Gyninophiona), a widely dis- 
tributed and in some respects primitive group, e.g. in the 
possession of little bony plates in the skin. 

PaL/EOZoic Reptiles (Reptilia). — A few fossil types from 



Fig 1 31Q.- AiiOstra- 
LtKlerm ((.‘cpIiaLspis . 
nmcli rcilutcd 
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the last stage in the Palaeozoic epoch, formerly placed in the 
Stegocephala, are now referred to an extinct order of Reptiles 
(Prorcp^itia), which furnishes the nearest approach to the original 
reptilian stock. A further stage in evolution was represented by 
a second order {Rhyne hocephala), from which the remaining 
groups of reptiles have probably sprung. There is a single exist- 
ing species, the Tuatara {Hatteria punctata) of New Zealand. 
There were some other palaeozoic reptiles, but these will be 
mentioned in dealing with the succeeding epoch. 

LIFE IN THE MESOZOIC EPOCH 

The animals of this epoch approached more nearly those of 
the present day than did their palccozoic predecessors. They 
included, however, a number of remark- 
able extinct groups, some of which w(*re 
extremely dominant, while other classes, 
Birds and Mammals, which now [)lay 
leading parts, were but feebly represented. 

Mesozoic Animauuees (Proio/ov). 
The familiar chalk, which makes up the 
“ white cliffs of Albion ”, ancT ranges east 
far into Asia, was deposited in the later 
part of the epoch. It is very largely made up of the remains of 
Foramihifera (fig. 1320), and before compacted and upheaved 
must have l)orne a close resemblance to the foraminiferal oozes 
which are now spread over a large part of the ocean floor. 

Mesozoic Sponges (Porifera). — During the chalk period a 
large number of Sponges possessed of siliceous skeletons existed 
in the moderately deep sea, and it is their remains which chiefly 
furnished material for the large flint nodules that abound in part 
of the chalk, and which have a very particular interest for students 
of the evolution of human civilization, since from them many of 
the stone implements and weapons of prehistoric Eu»'Opean races 
were fashioned. 

Mesozoic Zoophytes (Ccelenterata). — Corals were extremely 
abundant during the epoch, and many of them were reef-builders. 
They belonged to the same great group {//exactinia) that includes 
the most typical recent forms, being, like them, distinguished by 
a six-rayed symmetry. 
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Mesozoic Hedgehog -Skinned Animals (Echinodermata). — 
Sea- Lilies (Crinoidea) were far less dominant than during the 
Palaeozoic epoch, and were represented by types of difierent kind, 
some of them (e.g. Peniacfdnus) being closely allied to forms now 
living in the deep sea. P'eather-Stars, belonging to the same 
class, but distinguished by the fact that when adult they abandon 
their stalks and take to a free life, first made their appearance 
during this epoch. 

Ordinary Star- Fishes {Asierotdea) and Brittle-Stars [Ophiu- 
roided) were of increasing importance, and very numerous Sea- 
Urchins {Ec/iinoidea) existed, many of them resembling recent 
forms, and differing greatly from the primitive palaeozoic types. 

Mp:so/oic Lamp-Shells (Brachi- 
opoda). — These lost their dominance 
during this epoch, and the most im- 
portant species belonged to genera 
which arc represented at the present 
day (e.g. Terebraiula and Rhyne ho- 
ne I hi). 

Mrso/oic Jointed- Limbed Ani- 
mals (Arthropoda). ■ The Trilobites 
and Fairy pter ids of the Pakeozoic 

1 .1 1 1321 — Shell of an Ammonue (reduced) 

epoch were entirely unrepresented, 

but undoubted Crnstateans {Crustacea) were common. These 
included numerous species belonging to the h-ghest order 
{Decapoda), and more or less resembling the Lobsters, Prawns, 
Shrimps, and Crabs of the present day. 

Among the air-breathing forms Insects (Jnsecta) were 
gradually acquiring a dominant position. Of orders for the 
first time repre.sented may be mentioned Beetles {Coleoptera), 
Flies {Diptera), and Membrane-Wings {Hymenoptera). Ants 
are the most ancient members of the last order, so far as the 



evidence goes. 

M Esozoic Molluscs ( Mollusca ). — Head- Footed Molhiscs 
{Cephalopoda) took a leading place in the marine fauna. Two 
important types, i.e. Ammonites and Belemnites, were practically 
limited to the epoch. The former (fig. 1321) possessed spiral 
chambered shells, with the turns in one plane, and the edges of 
the partitions between the successive chambers elaborately folded 
Towards the end of the epoch, however, we find more or less 
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unrolled species (fig. 1322). some even that were perfectly straight. 
Such types may perhaps be regarded as unsuccessful attempts 
at adaptation to changing surroundings. The Belemnites (fig. 
1323) possessed internal shells, and in this and some other 
respects, €,g, the possession of an ink-bag, resembled recent 
Cuttle-Fishes, though they belonged to a distinct group. Cuttle- 
Fishes and Squids, which are now dominant members of their 
class, were feebly represented in Mesozoic times, but as they 
alone proved able, mainly by acquirini^ a rapid mode of swim- 
ming, to fully adapt themselves to their environment, they finally 



Fig 13^’ Lit tied Ctphalopods rclitc<l lo \inmiimes tonition^, apc, internal shell i-, funnel ii short 


left, hcaphites right , redact d arms kk, long trms N, ink 3, sht’l 

Although many of the primitive paLeozoic types of marine 
Snails [Gastropoda) were able to maintain their foothold during 
tiiis epoch, the leading place was taken by specialized carnivorous 
forms, which became more numerous and varied as time went on. 

Bivalves [Lamelliiranchia) played a much more important 
part than in the prece ling epoch, many new and more advanced 
types coming into exi lence. The families now represented by 
Oysters, Cockles, Mussels, and Razor-Shells, among many others, 
first made their appearance. 

MESfvoic FisHts (Pisces). — The last marine representatives 
of existing Lung- Fishes (Dipnoi) existed in the earlier part of 
the epoch, and some of the fossil teeth are so like those of the 
Queensland Lung-Fish (Ceratodus) as to suggest a close relation- 
ship with that form. There were many mesozoic Sharks, &c. 
(Elasmobranchii), and we can trace the gradual specialization of 
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their flattened relatives, the Skates and Rays. Ganoids {Ganoidet) 
abounded, and some of them appear to have been ancestral to 
Sturgeons. 

Ordinary Bony Fishes {Teleosiei) are the dominant members 
of their class at the present day, and date back to the later stages 
of the Mesozoic epoch. Some of the older types, less well adapted 
than they to an aquatic life, have gradually declined since the 
time of their first appearance. 

Micsosoic Amphibians (Amphibia). — The armoured Amphibians 

{Stegocepka/a) of the palaeozoic 

lived on into the earlier part of 

this epoch, to which belonged the 

largest known member of the order 

{AIas^odonsa2^J'us), the head of wliich 

was ab<^'»n ^ lour feet long The 

teeth and footprints (fig. 1324) of 

this and related forms were charac- fejg|Z?y! ^ 

teristic, and have lx-*en known to 

geologists for a comparatively long 

time, rhe former were conical, and 

exhibit in cross-section very elabo- ^ 

rate folds of enamel, which suggested a. 

the name of “ Labyrintliodon” (/.^r. mif}/ 

labyrinth tooth). The footprints 

look something like the impressions I i|;. 1324. -Labyrinthudoii a, I'oolh and fool* 
of clumsy hands, hence the old name 
“ Cheirolherium” {i.c, hand-animal). 

Mrso/oie Kkimiles (Rkptilia). — The ancient order (khyn- 
chocepha/a), of which the Tuaiai*a {^IlaKerid) is the only living 
representative, includes a number of species which were widely 
distributed in the early part of this epoch. Some of them were 
as much as 6 feet in length. 

One of the most interesting extinct orders of the cla.ss, the 
Varied- Tooi/ied Reptiles {^Aiioinodontia) includes characteristic 
land- forms which lived during the later part of the Palaeozoic 
epoch and the earlier part of the Mesozoic. The interest attaching 
to them lies in the fact that in certain respects they were inter- 
mediate in structure between the Armoured Amphibians and the 
lower Mammals, so that they probably represent the stock from 
which the last class has taken origin. Among mesozoic types may 
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be mentioned the following; — Pareiasaurus (fig. 1325), a particu- 
larly clumsy-looking creature some 8 feet long and between 2 and 
3 feet high ; Cynognathus, with skull and teeth not unlike those of 
a dog; and Dicynodon, possessing large tusk-IIke upper canines. 

The five extinct orders of Reptiles now to be mentioned were 



Fig 1)2$ -'PArcia^urus (much reduced) 


represented by a large number of forms peculiar to the epoch, 
and severally adapted to the most various conditions of life, in 
the sea, on the land, and even in the air. 

Fiith- Lizards {Ic/U/tyosauria ). were lar^* rapacious 
marine forms, something like whales in shape, and with paddle- 
like limbs (fig. 1326).. Judging from their enormous eyes they 



rig. 1376 Re^onition of Fish I izanl {tf.hth)osaunii\, much redurea 


were of nocturnal habit Another interesting feature was the 
unsymmetrical tail, with the larger lobe below. The shape of 
this would facilitate return to the surface after diving (sec vol. iii, 
p. 289). 

Sea-Lizards {Plesiosauria ). — These also were marine reptiles 
with large paddles, and the most familiar types (e.g. Plesiosaurus 
fig. 1327) possessed a long almost swan-like neck. The earlier 
members of the order appear only to have been semi-aquatic. 


LIFE IN THE MESOZOIC EPOCH 


469 


Sea-Setpenis {Pythonomorpha ). — During the later part of 
the epoch the marine reptiles belonging to the last two orders 
diminished in numbers and importance. They were to some 
extent replaced by the snake-shaped creatures of the present 
group, with small short paddles. Some of the largest forms 
{Mosasaurus) seem to have been 
as much as 49 feet in length. 

Terrible Reptiles or Dinosaurs 
i^Dinosauria ), — The members of 
this varied group were the domi- 
nant land-reptiles of the epoch, 
and were represented by a great 
variety of remarkable species. 

The Reptile- Footed Dinosaurs 
(Saurop^t*..) were herbivorous 
forms with hoof-bearing planti- 
grade extremities. Some of them 
attained a very large size, the 
most gigantic [Atlantosaurits) is 
even believed to have been as 
much as 115 feet long. The 
Beast-footed Dinosaurs {Thero- 
poda) were of carnivorous habit, 
and distinguished by the great 
proportionate length of their 
hind-limbs, which suggests that 
hopping was their typical mode 
of locomotion. They included 
species of greatly differing size, 
from that of a cat to that of an 
elephant. The Armoured Dino- 
saurs (Stegosauria) were herbiv- 
orous creatures, and in the type- 
genus {Stegosaurus, fig. 1328), 
which included species some 28 feet long, the back was pro- 
tected by a series of large flattened bony plates, passing into 
spines on the upp)er side of the ta:.. The head was of relatively 
small size, and the brain so tiny that the intelligence must have 
been small. The herbivorous Bird- Footed Dinosaurs {Orni- 
thopoda) are so-called because the structure of their hind-limbs 



VoL IV. 
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presents some points ot resemblance to birds, probably due to 
their having been adapted to the same kind of locomotion on 



Fig 13 8 — Sugosninis niu( h reduced) 


the ground. These limbs were relatively very long, and they 
were also digitigrade, i c, the animals possessing th(‘m walked on 


tiptoe. The best -known member of the sixo\x\^^{Iiiitanodon, 



fig 1329) inhabited England, 
Belgium, and Germany during 
the second half of the Meso- 
zoic epoch, and the larger of 
the two known species was 
nearly 30 feet in length I'he 
Horned Dinosaurs {Ccratop- 
sia), which were among the 
later forms of the epoch, in- 
cluded a remarkable herbiv- 
orous creature ( Triceratops) 
over 20 feet in length, with 
three horns on the head, and 


I* g ijaij — IguTn >don iniicli reduced) se Sc*ipiiU 
c TA Old 1 u id V fill r rr limh iSiimb .uid little finger 
p pid IS pro luce I ha k in'o post pubis (// tt, iscbtum 
I IV mb nd limh st 4th toes 


a curiou'-" bony shield covering 
the neck. 

Flying Rephles {^Ptero- 


saurta) — The organs of flight of these extraordinary animals 


have elsewhere been described (see vol iii, p. 308). Some 
were of small size, and of these the Pterodactyles {P/erodaefy/us, 
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1330) were short-tailed. But one of the later types {Ptera- 
nodon) was a toothless reptile with a spread of wing not far 
short of 20 feet. 

Crocodiles {Crocodi/ia) and Turtles (Ckelonia) were numer- 
ous during the Mesozoic epoch, and in the later part of it both 
Lizards (Lacertilia) and Snakes {Ophidia) are known to have 
existed. 

Mhsozou' Birds (Aves).- The few mesozoic birds which have 
so far been discovered have certain characters, the possession 
of teeth, which suggest reptilian descent. In the oldest known 
form iyArchceoptcryx), which has 
elsewhere been described (see vol. 
iii, p. 296), the tail was long, and 
bore pairs of quill - feathers at 
regular intervals. 

Meso/oic Mammals (Mam- 
malia). — That a certain number 
of small mammals lived during the 
Mesozoic epoch is known from the 
discovery of fossil lower jaws in 
several localities. Some of these 
suggest affinity with Kgg- laying 
Mammals {Monotreinata), while 
others [irobably belonged to small 
Pouched Mammals {Afa 7 ^supialia). 

It has been suggested that Mam- 
mals evolved from some of the Varied -Toothed Reptiles {Anomo- 
dontia) on a land-area in the southern hemisphere, which there 
is some reason to believe once existed (see p. 41 1). Smith 
Woodward (in Vertebrate PaUcontology) states that in Jurassic 
(i.e. mid -mesozoic) times — “ ... it is extremely probable that 
on some continent in that part of the globe the Anomodontia 
were gradually being transformed into Mammalia. At least, in 
the Jurassic formations both of Europe and North America there 
are occasional remains of small mammals as large as rats; and 
the most plausible explanation of tuese is, that they were acci- 
dental escapes from some other region with a more advanced 
fauna, just as are the rats and mice of the present day in the 
comparatively antique realm of Australia.” 



riff 1330 - Ptcrodactylt PterotUutylm , 

A, Lje. L, lachrymal Ixjne. sc, i>ca|>iU. to, curacoul. 
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LIFE IN THE KAINOZOIC EPOCH 

Even in the earlier stages of the Kainozoic epoch we find 
that the fauna had a comparatively modern aspect, and the later 
stages ultimately merge into the present. Among backboned 
land -animals Mammals and Birds were dominant, and it will 
be as well to confine our attention to a few interesting facts con- 
cerning these groups. 

KaIxNOZoic Mammals (Mammalia). — The fossil remains which 
have so far been examined enable us to trace the gradual evolu- 
tion of the subdivisions of several mammalian orders, notably 



133T.— Re*loration of Phemro<liis 'reduced) 


so as regards Hoofed Mammals {Une^ulata') and Flesh- Ii a levs 
{Carnivora). In the earliest stage of the epoch we find the 
ancestors of the hoofed forms represented by small primitive 
swamp-dwellers, constituting an extinct group {Condylartlird), of 
which a well-known type {Plienacodus) is represented in figs. 1331 
and 1332. By increasing complications of structure, affecting 
limbs, teeth, brain, &c., the various odd-toed and even-toed un- 
gulates have sprung from creatures of the kind, as also Conies 
(Hyracoidea), and. most probably. Elcplianis {Proboscidca). The 
nature of some of the specializations which took place have been 
briefly explained in a previous section (sec vol. iii. p. 137). 

What is true for Hoofed Mammals as regards one primitive 
group is also true for Flesh-Eaters with reference to another 
such group (Creodonta). Indeed there is not a great deal 


AN EXTINCT GROUND-SLOTH {Megatherium) 


It is a remarkable fact that certain groups of land-animals were 
in part represented, in comparatively late geological times, by 
gigantic forms which have since become extinct. This is the case, 
for example, with the Mammals poor in Teeth {Rdentata\ to which 
belongs the South American Ground-Sloth {Megatherium) repre- 
sented in the plate, which is taken from a photograph of a restora- 
tion in the Hritish Museum. In size it was nearly as large as an 
elephant, and is believed to have fed on leaves, as do the relatively in- 
significant Sloths which now live in the trees of the South American 
foi:e5ts. The plate represents the Ground-Sloth in the position it 
assumed foi the purpose of pulling down branches, or uprooting 
small trees, in order to obtain its food. 

c.\ 




EXTINCT SOUTH AMERICAN GROUNO-SLOTH (MEGATHERIUM) 
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of difference between the early kainozoic ancestors of Ungulates 
and Carnivores, both of which undoubtedly sprang from the 
same mesozoic stock, though this is as yet unknown. In similar 
fashion we find that the lines of descent of recent Insect-Eaters 
(Insectivora), Lemurs i^Lemuroidea), and Monkeys {Primates) 
converge as we trace them back to the beginning of the epoch. 
The branches of the genealogical tree of mammals corresponding 
to the last two groups actually meet, and on this account some 
experts would place the Lemurs in the same order as Monkeys 
{Primates). We further find that the lines of descent of Insecti- 
vores. Lemurs, and Monkeys converge towards those of the 
Ungulates and Carnivores, and this appears to be also true for 
the Mammals Poor in 


Teeth {Edentata). Some 
day, peiluips, we may be 
able to trace back all 
these six orders, together 
with Conies and Ele- 
phants, to common meso- 
zoic ancestors. 

W hales y &c. {Cetacea)^ 
Sea - Cotvs {Sirenia)^ 
Gnawers {Rodenfia)^ and 



Bats {Chiroptcra) seem to have acquired their typical characters 


before the Kainozoic epoch began, and we are not yet able to 


trace them back to the main line of mammalian descent. The 


two first groups, and creatures of the seal kind, replaced the 
marine reptiles of Mesozoic time in the life of the sea, and the 
Flying Reptiles proved unable to maintain their supremacy against 
the competition of Bats and Birds. 

In the later part of the Kainozoic epoch certain orders of 
mammals were represented by relatively gigantic forms. A 
good instance of this is afforded by certain extinct American 
representatives of the ]\[a7ninals Poor in Teeth {Edentata). At 
this time South America and th*^ southern part of the sister 


continent were inhabited by huge Lrround- Sloths, of which one 
typical form {Mcij^atherium) w^as at least as large as an elephant. 
It and its allies combined some of the structural features of exist- 


ing Sloths and American Ant-Eaters. That so large an animal 
as the one mentioned was not a climber is sufficiently obvious. 
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It is supposed to have been a leaf-eater, pulling off branches, or 
even uprooting small trees. A related form {Mylodon), which 
attained the size of a rhinoceros, possessed an external skeleton 
consisting of small bony plates imbedded in the skin. Remains 
of the skin, &c., of an allied type (Neomy/odon) were not long 
since discovered in a South American cave, and in so fresh a 
state as to warrant a belief in the animal’s recent extinction, 
while some naturalists, partly on the strength of native traditions, 
believe (or at any rate hope) that the creature still lives in the 
desert regions of Patagonia. Gigantic Armadilloes, of * which 

one type (Glypfodon) was about i6 
feet in length, inhabited America in 
comparatively late Kainozoic times. 

Turning to Australia, we find 
that some of the immediate prede- 
cessors of the Poached Mamnuxls 
i^Marsupialid) of that continent at- 
tained large dimensions. The skull 
of the Pouched “ Lion” (Vhy/aco/eo), 
a form related to the existing Pha- 
langers, was about 9 inches long. 
Its name is rather unfortunate, for 
it was probably of vegetarian habit. 
Very much larger tlian this was a 
gigantic animal [Diprofodoa) related 
both to the Phalangers and Kangaroos, for it was about as large 
as a rhinoceros, its skull alone being over 3 feet in length. Its 
limbs were adapted for walking. 

Three large extinct Mammals have a special interest as 
being contemporaneous with prehistoric Man in Western Europe, 
including Britain. One was the Irish .“Elk” [Cervus Pliberni- 
cus, fig. 1333), remains of which are not uncommon in the peat- 
bogs of Ireland. The female possessed no antlers, but the male 
was well -endowed in this respect, for in him these weapons 
sometimes had a spread of about 10 feet. The Sabre-Toothed 
Tiger [Meukairodus) belonged to a group of P'lesh-Eaters now 
extinct, and possessed enormous upper tusks, which are respon- 
sible for its name. The lower tusks were quite small. It seems 
that the huge weapons of creatures of the kind were too well 
developed to be of much use, probably indeed acting as encum- 



F.g 1333 — Iri^h Elk Cfrtfmt Hibtmtcus)* 
reduced 
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Fig 1334.— Mammoth ^Eltphn:, pvtimgemus , nniLh retiiiced 


brances which in the end brought about extinction. Here, as 
in ruany other cases, over-specialization proved fatal. The last 
extinct Mammal to be mentioned is the Mammoth 
i^Elephas primigenius, fig. 1334), a sort of Elephant 
which had a very wide geographical range in the 
northern hemisphere, especially in the colder parts of 
this. The frozen bodies of Mammoths are now and 
then discovered in the iron-bt)und soil of the Siberian 
tundras, and these prove the exis- 
tence of a thick coat of long black 
over -hair, together with reddish 
wool, a character no doubt to be 
regarded as a climatal adaptation. 
One of the piehistoric drawings 
made by the men of the Stone Age 
(see p. 233) gives a rough outline of 
one of these animals, and indicates 
the shaggy coat. It was found in 
a French cavern, and executed 
upon a piece of mammoth tusk. 
The Siberian variety has long been 
known as a source of fossil ivory. 

Kainozoic Birds (Aves ). — Some 
of the extinct Running Birds 
(RatitcB) are perhaps the most in- 
teresting. In New Zealand, for example, the Moas existed 
during the period of human occupation, and were finally exter- 



Fig. 1335 —Skeleton ofMoa [Packyonut 
tUpkanUpus), much reduced 
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minated by the Maoris. The largest form {Dinomis nuudmus) 
.attained a height of over 1 1 feet. Another sort of Moa (Packy- 
omis elephantopus, hg. 1335), though not so large as this, was 
much more massive in build. Egg-shells and feathers of these 
birds have been found, as well as skeletons. The bones and 
egg-shells of other large running birds {/^pyomis) have been 
abundantly discovered in Madagascar, and it is not unlikely 
that they too owed their extinction to human agency. Some 
species were little inferior in size to the largest Moas. It is 
not improbable that the creation of the fabulous bird known as 
a “roc", which figures in the Arabian Nights and other Eastern 
stories, was originally based upon ancient traditions regarding 
some of the extinct running birds. 

At the present time such birds are limited to the soutnem 
hemisphere, but we know that during early Kainozoic times they 
also existed in the northern half of both Old and New Worid& 
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CHAPTER LXXVIII 

PHILOSOPHIC ZOOLOGY— THE THEORY OF EVOLUTION 
—EVOLUTION AS A FACT 

Having now considered at some length the relations of animals 
to their surroundings (or environment), in which, of course, other 
oiganisins ‘are included, and having also reviewed the life-cycles 
or life-histories of certain typical forms, this work may be fitly 
concluded by a brief survey of the Theory of Evolution, 
which at the present day not only dominates the realm of Natural 
History, but has also had a far-reaching influence upon almost 
every branch of learning. 

The kinds or species of animal at present existing are almost 
innumerable, and we know from the geological record that a 
host of others once lived which are now extinct, some having 
become so within the historic period, while others died out 
millions of years ago. Until the second half of last century it 
was commonly believed that all these species came into existence 
by “special creation”, and to ask “why?” any kind of animal 
had a particular structure, developed after a special fashion, 
eJtemplified certain habits, or lived in a definite area, was con- 
sidered undesirable or even impious. The only answer to such 
questions given by the doctrine of special creation was that these 
things were so because they had been designed to be so, accord- 
ing to a plan into which the human mind was forbidden to pry. 
Now and then, however, from the time of Aristotle onwards, 
this paralyzing dogma failed to sati-^v the minds of certain 
naturalists who were ahead of their times. Among these per- 
haps the most notable was the eminent French zoologist 
Lamarck, who in i8oi expressed the view that all existing 
species have descended from, i.e. been evolved from, pre-existing 
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species. He further propounded a Theory of Evolution, which 
attempted to explain how species have originated from those 
which preceded them. But comparatively little attention was 
paid tc the evolutionary views of Lamarck and some other 
naturalists till the year 1858. In that year a new Theory of 
Evolution (now commonly known as Darwinism) was simul- 
taneously propounded by Charles Darwin and Alfred Russel 
Wallace, who, working independently on facts collected in entirely 
different parts of the world, had reached practically the same 
conclusions regarding the manner in which organisms of different 
kind have come into existence. The publication of Darwins 
epoch-making book, The Origin of Species, followed in 1859, and 
since that date the doctrine of evolution has made steady head- 
way, at first against strong and even embittered opposition, until 
now the doctrine of special creation is almost entirely held by 
those who have had no scientific training worthy the name, 
together with some few others who cling tenaciously to the old 
and once popular view. 

This chapter is concerned with the fact of Evolution, and not 
with the various theories associated with the names of Darwin 
and many others which attempt an explanation Off that fact. 
The distinction between the fact and its explanation is of im- 
portance in a popular work like this. Botanists and zoologists, 
after the manner of their kind, are constantly engaged in polemics 
about all sorts of evolutionary problems, their controversies being 
often not a little acrimonious, and sometimes even taking a 
personal turn. These things, however, are not unknown among 
the votaries of other studies. But in such cases it is not the fact 
of evolution that is in question, but this or that difficult question 
as to the way in which it has come about. All are agreed that 
evolution and not special creation has been and is the primary 
law of organic nature, probably, indeed, of nature in general. 

Since the whole of this book has been written from the evolu- 
tionary stand-point, much has already been adduced in support of 
the fact of evolution, and it will therefore suffice to summarize 
some of the chief arguments in its favour, following the order 
adopted by Romanes (in Darwin and After Darwin). 

The Argument from Classification. — If the various kinds 
or species of animal were absolutely separate creations we should 
expect to find them clearly distinguishable from one another, 
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but this is by no means universally the case. Indeed, it is by 
no means easy to exactly state what a species is. Some such 
definition may be given, for example, as the one by Swainson: — 
“A species, in the usual acceptation of the term, is an animal 
which, in a state of nature, is distinguished by certain peculiarities 
of form, size, colour, or other circumstances, from another animal. 
It propagates, ‘ after its kind *, individuals perfectly resembling 
the parent; its peculiarities, therefore, are permanent.” But un- 
fortunately there are such things as varieties or races, which are 
subdivisions of species, and might be taken for such if seen in 
a museum. In the case of the PTeld Snail {Ne/ix hortensis), for 
example, there are many such races, distinguished by variously 
coloured and banded shells. But in cases like this we usually 
find that the different varieties, when crossed, produce offspring 
(mongrels) which are perfectly fertile as regards one another 
and the parent varieties. On the other hand, the offspring 
(hybrids) produced by crossing two undoubted species are usually, 
but not always, infertile. A notable instance is seen in mules, 
which are obtained by crossing horses i^Equus ca 6 a//us) with 
asses {E. asinus). We further find that two or more apparently 
distinct species may be connected by a series of intermediate 
varieties. This is beautifully seen in some of the extinct Lamp- 
Shells and Snails, while the early turns of the spiral in some 
Ammonites (see p. 465) may resemble one adult species, though 
the later turns may correspond to another adult species. Facts 
of the kind cited, while only susceptible of interpretation in a 
mystical manner by the doctrine of special creation, harmonize 
very well with the evolution theory, according to which organ- 
isms are constantly being adapted to changing surroundings, and 
new specializations are continually coming into existence. On this 
hypothesis we may regard varieties as species “in the making”. 

Species are aggregated into larger groups known as genera, 
these into families, and so on, to orders, classes, and phyla or 
sub-kingdoms, respectively marked out by agreements and differ- 
ences of increasingly broader and m'>re general kind. If these 
various groups of, Backboned Animals, are diagrammatically 
arranged so as to best express their mutual arrangements, a 
tree-like arrangement results (see vol. i, p. in), the phylum 
corresponding to a main branch. This was perceived in pre- 
evolutionary days, and the only rational explanation so far given 
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of it is that such a tree is really a geiieal<^[ical one. The oon^ 
elusion is fully confirmed by the geological record. 

We also find a number of existing animals whidi, though on 
the whole susceptible of classification in one group, also show 
points of marked agreement with members of one or more other 
groups. A notable instance is afforded by Peripatus (see vbl. i, 
P- 398)1 which, though an undoubted Arthrop^, is singularly 
like a segmented Worm or Annelid in some respects. If the 
classification tree is a genealogical one, the existence of such 
animals is readily intelligible. Such cases are otherwise inex- 
plicable, unless some unintelligible and dogmatic statement offered 
by the believer in special creation can be so r^^arded. 

The Argument from Form and Structure (Morphology). 
— A very large number of examples might be brought forward 
to show that many organs can only be rationally interpreted on 
an evolutionary basis. A particularly good instance is afforded 
by the lungs of air-breathing vertebrates, which appear to be 
modifications of the swim -bladders possessed by fishes (see 
vol. ii, p. 421). And it may be added that there are many 
other structural characters of these air-breathing forms which 
point to an aquatic ancestry. That this should be sq». is only 
intelligible from the stand-point of evolution. 

If we take a particular group of animals, say Mammals, we 
shall find that they are constructed on a particular plan, modified 
in a great variety of ways to suit the exigencies of various modes 
of life. This is very well illustrated by the structure of the limbs, 
in reference to different kinds of locomotion, e.g. swift progression 
by running on a firm surface, swimming, climbing, and burrow- 
ing, as set out in detail in the section on Locomotion (vol. iii). 
We have here, it would appear, a gradual Adaptation by a pro- 
'^^ss of evolution to conditions of different kind. 

The strongest arg'n:rT,r from structure in favour of the 
doctrine of evolution is rhar derived from those parts of animals 
which are known as vesttges (rudimentary organs). The human 
body, for example, is in itself quite a museum of such structures. 
Indeed, one may say that it is an archaeological museum, for 
vestiges can only be reasonably e.xplained as the remains of 
organs which were of greater imix>rtance in ancestral forms. 
The lower end of th*^ backbone (coccyx), for instance, looks 
uncommonly like the remains of what was once a tail, and the 
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same explanation can be given of the tailless condition of the 
man-Iike or anthropoid apes (Gorilla, &c.). The troublesome 
litde outgrowth from the intestine familiarly known as the 
^'appendix”, which when diseased leads to appendicitis, corre- 
sponds to what is a large and useful structure in some other 
Mammals; and a little red fold (semilunar fold) in the inner 
comer of the eye appears to be the remnant of a third eyelid. 
And so on, almost indefinitely. Among Mammals other than 




* I 

Fig 1336. — (i) and (a). Upper and lower grind ing-ieeth of a young Duck-Bill [Ortnthorhynckut), natural fiae djid 
enlarged; (3) grinding tooih tenlargcd) of an extinct Mesoxoic mamnial [Mtcroiettet) 

ourselves we find a great variety of vestiges. Whalebone 
Whales, to take a well-known case, possess neither teeth nor 
externally visible hind-limbs. But traces of teeth are found in 
the jaws of very young individuals, although they are never 
cut. And vestigial hind -limbs are found even in adults, im- 
bedded in the muscles of the hinder pan of the body, exactly 
where hind-limbs should be were they fully developed. Unless 
we simply accept these things as inexplicable facts, we must fall 
back on the doctrine of evolution, and consider such structures 
as dwindled heritages, reminiscent of earlier conditions. 

Passing from the higher Mammals to their lowest existing 
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relatives, we find in the Australian Duck-Bill {Omitkorhynckus) 
that the adult animal possesses four horny plates in place of 
teeth. But these are preceded by small molars (fig. 1336) which 
last for a short time only. The conclusion may be drawn that 
the Duck-Bill is descended from ancestors which possessed teeth 
when adult. And. in connection with this, it is interesting and 
significant that the transitory teeth of this creature are singularly 
like those possessed by an extremely ancient Mesozoic mammal, 
which has been extinct for an enormous length of time. 

Argument from Development. — As already explained in 
the section on Development and Life -History (vol. iii), an 
animal of complex structure results from a process of gradual 
up-building, in which the ovum or egg- cell is the first and 
simplest stage. Speaking very broadly, the course of this 
development is taken to be a recapitulation of the history of 
the group to which the particular animal belongs. The life- 
history of a particular form may, for example, include stages 
adapted to different modes of life, and in some cases these 
apparently correspond to ancestral stages similarly adapted. We 
see this in the Frog, which is hatched out as an a^atic tadpole, 
breathing by gills and fitted in various other ways for life in 
water. From this fhe conclusion is drawn that the remote 
ancestors of Frogs were aquatic creatures, related to the stock 
from which recent fishes have descended. The argument may 
be extended to Reptiles, Birds, and Mammals, for though these 
do not begin life as aquatic tadpoles, all of them possess gill- 
slits during certain stages in their development. But these 
slits have nothing to do with breathing, apparently serving no 
useful purpose, and ultimately close up. One result of their 
presence in the embryo is that some of the blood-vessels develop 
in a somewhat roundabout manner (see vol. i, p. 244). These 
vessels begin in conformity to what may be called the “fish- 
plan”, abandoning this later on for the arrangement char- 
acterizing the air-breathing adult. Such a peculiar method of 
development is quite unintelligible unless it is explained by 
reference to ancestry. 

The Feather- Star (Comatula) furnishes a striking example 
j3f recapitulation in its life-history. It is for some time fixed to 
some firm object by means of a stalk, which is later on aban- 
doned, This may very reasonably be taken to mean that 
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Feather- Stars have descended from fixed forms resembling the 
related Sea- Lilies, some of which still live in the deep sea. 

The Argument from the Geological Record. — Although 
our knowledge of the successive faunas which have existed in 
the course of the earth’s history is lamentably incomplete, all 
the facts with which we are acquainted harmonize with the 
doctrine of evolution (see p. 456). There has been a general 
progress from low to high, and many animal pedigrees have 
been worked out in considerable detail. Taking Hoofed Mam- 
mals and Flesh- Eaters, for instance, the geological record shows 
that the existing subdivisions of these orders can be traced back, 
respectively, to common ancestors (see p. 472). The most 
ancient birds known possess characters which are strong evidence 
of reptilian descent, and Reptiles, in their turn, are in all pro- 
bability an offshoot from an amphibian stock. Similar evolu- 
tionary conclusions can be drawn in all cases where sufficiently 
abundant evidence is available. 

The Argument from Geographical Distribution. — The 
way in which animals are at the present time distributed over 
the face of the globe is susceptible of no satisfactory explanation 
unless we have recourse to the theory of evolution. Admitting 
this, and at the same time making full use of the evidence 
afforded by the geological record, many things which would 
otherwise be entirely unintelligible find an easy solution, as has 
alreiidy been sufficiently indicated (see p. 409). We are able 
in this way to understand why Tapirs are at the present time 
only to be found in south-east Asia and tropical America, 
Pouched Mammals in the Australian region and America, and 
similarly for many other apparent anomalies. 



CHAPTER LXXIX 

THE THEORY OF EVOLUTION— THE ORIGIN OF SPECIES 


If we admit that the existing kinds or species of animals 
have arisen by a process of evolution from pre-existing species, 
the pertinent question “How?** demands an answer. Our 
ignorance is here so profound that we have so far only been 
able to frame working hypotheses to account for the facts. And 
every theory from time to time propounded leads to endless 
controversy, though, on the whole, we are constantly getting 
nearer to the heart of things. Everything depends upon the 
properties and possibilities of the living substance (protoplasm) 
which is the essential part of every organism, but it is precisely 
here that the gaps in our knowledge are most painfully obvious. 
The history of every science presents us with regularly alter- 
nating phases of fact-collection, and generalization upon facts. 
At the present time we badly need more facts, ufx)n which to 
base further speculations as to the methods of evolution. And 
this is more particularly true regarding experiments on heredity 
and related matters, upon which satisfactory answers to evolu- 
tionary questions must necessarily depend. 

We are here only concerned with a brief statement of the 
leading theories and principles which have so far been brought 
forward, commencing with the doctrine of Natural Selection, 
simultaneously advanced by Darwin and Wallace, and which has 
had a quite unprecedented influence upon the methods of human 
thought. 

NATURAL SELECTION (DARWINISM) 

This theory of evolution, which is essentially of utilitarian 
character, marshals together a large number of indisputable facts, 
suggests their mutual relations, and builds up, step by step, a 
very convincing hypothesis as to how and why new species have 
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come into existence during the countless* ages for which; ®e has 
existed on the earth. 

It is, to begin with, sufficiently obvious that the available 
living space on the earth is, after all, restricted, and there must 
therefore be a limit to the number of plants and animals that 
can exist at the same time. We know, however, that all organ- 
isms tend to increase in a more or less rapid manner, yet, in a 
given locality, the numbers of individuals belonging to a par- 
ticular species remain fairly steady. There must, therefore, be 
various checks preventing indefinite increase — a constant fight for 
life, a Struggle for Existence. Every plant and every animal is 
engaged in a keen competition with other forms of life, and 
has also to battle with the constantly-changing physical condi- 
tions which collectively constitute climate. Individuals that for 
any reason surpass others in this constant warfare with their 
surroundings are, so to speak, selected by Nature to carry on 
their race, while their less fortunate fellows go to the wall. We 
have, in short, the active principle of Natural Selection or Survival 
of the Fittest. 

We have further to consider how and why it is that given 
individuals are thus favoured in the universal struggle for ex- 
istence. The classes of facts which give us some insight into 
this matter may be conveniently arranged in the following tabular 
statement, followed by a brief discussion of the principles involved. 


PROVED FACTS NECESSARY CONSEQUENCES 


Limited Surface cf Globe and Rapid | 
Increase in Numbers j 

Struggle for Existence and Variation | 
Natural Selection and Heredity ... 


Struggle for Existence 

Natural Selection or Survival of the 
Fittest 

Origin of New Species 


Rapid Increase in Numbers. — Darwin takes the elephant as 
an example of an animal of which the numbers increase with 
minimum rapidity, a family of six within the space of 6o years 
being the average, while individuals live for about a century. 
Supposing all the offspring to survive for the full tenure of 
existence, this gives a total of about 19,000,000 elephants de- 
scended from a single pair after the lapse of from 740 to 750 
years. 

As an example of a species which increases with great rapidity 

VOL. IV. 
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we may take the Field Vole {Arvicola arvalis), which produces 
several broods during the same summer, some of these propa- 
gating in their turn before winter. Crampe has calculated that, if 
there were no checks to increase, a single pair of these animals, 
supposing their first brood to be born on April 15 of a given 
year, would be represented by the very respectable total of 198 
on the following 8th of October. Continental agriculturists 
sometimes have a very unpleasant object-lesson as to these 
possibilities, for in certam “vole years” the ordinary checks to 
increase are inefficient, the result being that enormous numbers 
of field-voles make their appearance, and do an immense amount 
of damage to crops. 

It not infrequently happens that when particular species of 
animals are introduced into a new country, where the checks 
that keep down their numbers in their native countries cease to 
operate, they increase in a phenomenal way. The result of intro- 
ducing rabbits into Australia affords one of the best examples 
of this. 

Variation and Heredity. — It is a well-known fact that no 
two individuals of the same species are precisely alike. There 
is, in other words, a tendency to vary. The fact of Variation 
enables us to understand why certain individuals, rather than 
others, have a better ch^ince of surviving in the struggle for 
existence. For in any given environment variations in some 
directions must more or, less favour the animals which possess 
them. They are, in fact, useful variations, tending to greater 
fitness as regards some particular set of surroundings. In many 
herbivorous animals, for example, in regions where carnivorous 
enemies abound, it is clear that an individual varying in such a 
way that its locomotor powers are somewhat better than those 
of its fellows, will have a better chance of escaping from enemies, 
and also of securing an abundant supply of food. Other things 
being equal, it will also be more likely to perpetuate its species 
than more slowly moving individuals of the same species. 

Next comes the question of Heredity. No one disputes the 
possibility of certain characters being transmitted from one genera- 
tion to another. The doctrine of Natural Selection involves the 
view that favourable variations are thus perpetuated, and as, in 
each successive generation, individuals which continue to vary 
in iavouiaUe directions will have the best chance of surviving, 
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we can suppose such variations to gradually accumulate until 
their amount is so large as to constitute a new species. 

Darwin’s conclusions as to the joint result of variation and 
heredity were largely based on observations made upon domes- 



Fk I3J7 —Blue Rock and tome of the domeiucated vaneties of Pigeon (i). Blue Rock {ColumU Imtm) (a). Tumbkr. 
(3), Owl (4}, Jacobin (5). Fanuil (6), Pouter 


ticated animals. We know, for example, that all the numerous 
breeds of pigeons (fig. 1337), such as Pouters, Fantails, Carriers, 
Tumblers, &c. &c., are descended from one original species, 
i.e. the Blue Rock {Columba livid), as the result of artificial 
selection by human agency. That is to say, individuals varying 
in some particular direction have been selected by man with a 
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view to producing offspring presenting the special character or 
characters in an increased degree. 

Objections to the Theory of Natural Selection. — A t 
various times a number of objections have been made to the 
theory, some being of a very trifling and quibbling sort, others 
of more serious nature. It is no part of the plan of this book 
to enter into all the difficulties that require or have required to 
be met, and it may suffice to mention one of the most formidable 
objections, derived from the supposed swamping effects of inter- 
crossing*'. That is to say, supposing a favourable variation to 
have arisen, it seems at first sight that it is just as likely to 
gradually disappear again by intercrossing as to be emphasized 
by heredity, indeed more likely. Fleeming Jenkin, the first 
propounder of this difficulty, illustrated it by the possible case 
of a white man becoming king of a black island population, his 
whiteness typifying a favourable variation. His immediate de- 
scendants would not be white, but yellow, and in the course of 
several generations the royal house would probably be just as 
black as their subjects. 

It may be added that if a number of domesticated races of, 
say, pigeons, are allowed to cross freely together, their peculiar 
characteristics gradually disappear, and the features possessed 
by the original wild stock are reacquired. Thi?' is generally 
explained as a case of reversion or atavism, or in more popular 
language, a ‘ throw back" to the ancestral type. 

The objection has been often met by supposing that the 
particular variation occurred not in one, but in a number of 
individuals, thus giving a better start for the formation of a new 
species, but such an idea requires proof. Even if we admit the 
probability of the occurrence, the factor of Isolation must be 
emphasized, as has been done by Romanes and others. Isola- 
tion of individuals presenting a certain kind of variation would 
certainly prevent the swamping effect of intercrossing from oper- 
ating, and pigeon-fanciers, for example, could never succeed in 
producing new breeds if they did not sort out and keep their 
birds separate, according to their special requirements. Such 
isolation actually occurs in nature when a small number of indi- 
viduals belonging to a particular species reach, say, an oceanic 
island, where adaptations to a new set of surroundings become 
necessary, and where they are separated from the original home 
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of their kind. And it is particularly significant to note, in this 
connection, that such islands are peculiarly rich in distinct species. 
Isolation is also exemplified by the area between tide-marks, as 
in some of the periwinkles. Some of these creatures are gradu- 
ally becohiing adapted to breathing damp air, those which are 
best off in this respect living near high-water mark. It is pretty 
clear that individuals varying so as to breathe damp air better 
than their fellows would naturally take to living further from the 
sea, and would be thus to some extent isolated. 

Isolation may also be of a physiological nature, as emphasized 
by ^Romanes in his theory of physiological selection. We know 
that, as a rule, the crosses between allied species, i,e, hybrids, 
are infertile, and it is largely owing to this fact that animal 
species remain distinct. It seems, therefore, a plausible assump- 
tion that the rise of new species has partly been rendered possible 
by an increasing tendency for the crosses between them and their 
parent stocks to be infertile. In other words, there has been a 
physiological variation in the direction indicated, alongside of 
other variations in shape, proportion, colour, &c. &c. 

SUPPLEMENTARY FACTORS OF EVOLUTION 

Admitting the importance of Natural Selection, it by no means 
follows that it has been the only evolutionary factor determining 
the origin of new species. 

Courtship Selection. — Darwin believed that some of the 
characters of male animals have been brought about by selec- 
tion exercised on the part of their mates. The possibilities in 
this direction have already been discussed at some length (see 
p. 143) in dealing with the Law of Battle and the Law of 
Beauty. It is, after all, a special kind of Natural Selection, 
which may have determined the evolution of certain weapons and 
of aesthetic characters. 

Lamarckism. — Under this head may be included the pre- 
Darwinian views of the French naturalists Lamarck and Buffon, 
to which Darwin himself was inclined to attach some importance. 
These views turn upon the inheritance of “acquired characters”, 
regarding which there has been an interminable amount of 
discussion. It must be premised that the body of an animal 
higher in the scale than an Animalcule is related to (i) 
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the existence of the individual, and (2) the existence of the 
species. The greater part of the body, . having more particu- 
larly to do with (1), is conveniendy termed the '*soma’* (Gk. 
soma, body), and this is the bearer of germ-cells, some of which 
are destined to grow into fresh individuals, and are therefore 
concerned with (2). An “acquired” character is one which 
comes into existence in the soma, as an accommodation to its 
mode of life, t.e. as an individual adjustment to surroundings. 
Here have to be considered the results of “ use and disuse ” of 
organs possessed by the individual. Let us take, for example, 
some of the sea-snails which live between tide-marks, and are 
accommodating themselves to breathing damp air as against 
air dissolved in water. The gill or gills which are specially 
concerned with the latter kind of breathing have less work to 
do than in purely aquatic forms, and there is no reason to doubt 
that they may therefore (as the result of partial “disuse”) be 
slightly diminished in size in the lifetime of an individual which is 
migrating towards high-tide mark. On the other hand, the roof of 
the gill-chamber (see vol. ii, p. 460) has to do with breathing damp 
air, and in the lifetime of the individual supposed, may well (by 
“use”) acquire increased specialization in connection with that duty. 

According to the Lamarckian view, these two acquired char- 
acters of the soma, i.e. dwindling gill and specializing roof to 
gill-chamber, would be transmitted to the offspring. Were this 
so, use and disuse migh^ ultimately lead to the evolution of a 
race of land-snails well adapted for air-breathing, but with gills 
shrunk to mere vestiges or absent altogether. 

Lamarckism also involves the view that the surroundings of 
an animal, by their direct action, bring about acquired char- 
acters, positive or negative, as the case may be. We have, in 
other . words, a direct action of the environment Considering 
once more the case of a sea-snail living between tide-marks, it 
may be regarded as alternately subject to two influences sO far 
as breathing is concerned, i,e, the action of the water which 
covers it for part of its existence, and the action of the damp 
air which surrounds it during the other part The former 
favours gill-retention, the latter gill-reduction, and conversely as 
regards the arrangement for breathing ordinary air. Near low- 
tide mark the influence of water is obviously predominant, and 
near high-tide mark the action of air is more felt 
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Some further remarks will be made about acquired characters 
in the sequel. 

Neo- Lamarckism. — It is difficult to sum up in a few words 
the beliefs of the Neo- Lamarckian school. They essentially 
involve the view that there are general Laws of Growth, leading 
to progress in definite directions, by means of successive varia- 
tions of the same kind. The action of Natural Selection is largely 
discounted. 

This chapter may perhaps best be concluded by the addition 
of a few remarks on Variation and Heredity. 

VARIATION 

Beyond the fact that living matter does vary, we know very 
littK- No clear answer can as yet be given to the questions 
why this should be so, and how variations of a given kind are 
brought about. There can be no doubt, however, that the indi- 
viduals of any particular species differ from one another in a great 
variety of ways, and often to a very considerable amount. There 
is, in fact, an illimitable field for the action of selected principles. 
Many variations, too, are sudden or discontinuous, and probably 
new species have been often evolved at a much more rapid rate 
than supposed by Darwin, who believed in the selection and 
accumulation of small variations. Since his time our knowledge 
of variational possibilities has been largely increased. 

There can be no doubt that a large majority of the characters 
of animals are adaptations to the environment, i,e, fit them to 
live in relation to certain surroundings. The origin of such 
adaptations must naturally be sought in variations. Here it is 
necessary to clearly distinguish between variations of the soma 
and variations of the germ, i.e. somatic and germinal variation. 
As we have seen, the Lamarckians believe that the former 
(acquired characters) can be transmitted. According to the 
school of Weismann, on the other hand, it is only the germinal 
variations which are capable of transmission. As, of course, the 
development of a germ-cell ii»*o an individual means the pro- 
duction of a new soma as well as more germ-cells, this new 
soma will have been influenced by variations which have taken 
place in the germ from which it has been developed. That is 
to say, the character of a soma mainly depends upon the char- 
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acters of the germ from which it has been developed, but the 
soma has no direct influence upon the germs of which it is the 
bearer. 

Organic Selection , — Lloyd Morgan, Baldwin, and Osborn have 
elaborated a view (of which Weismann himself suggested the 
possibility) as to the possibility of co-operation between germinal 
and somatic variations in the interests of the species. Even if 
we admit that the latter (acquired characters) are non -trans- 
missible, it by no means follows that they have no evolutionary 
import However unimportant the soma may be as to the pro- 
vision of variations that can be inherited and so help in the 
making of new species, it is at least the bearer of germ-cells, to 
which its survival and well-being are of the first importance. If, 
therefore, it is able to accommodate itself to its surroundings so 
as to survive and leave offspring, it will give variations which have 
arisen in its germ-cells a chance of being preserved Accommo- 
dation, i,e, the rise of acquired characters, is consequently inti- 
mately bound up with the adaptation of the species. 

It must not be regarded as definitely settled that acquired 
characters are never transmitted, although many supposed in- 
stances have been explained' away. A vast amount of observa- 
tion and experiment is still necessary, and dogmatism is at present 
quite out of place. 

The question still remams as to whether variations are inde- 
pendent of the action of the environment, directly due to its action, 
or to some extent dependent upon it There are probably perhaps 
several possibilities. The germ-cells, for instance, are in many 
cases so sheltered from the action of surroundings that some of 
their variations may well be inherent It is also well-nigh certain 
that there is such a thing as environmental variation. But here 
there are two possibilities. The action of the surroundings may 
directly set up variations, or it may simply act in such a way as 
to favour variational possibilities, i,e, it may direct and further, but 
not absolutely initiate. Nor is its action necessarily limited to 
either alternative. 

HEREDITY 

In cases of egg-development it is necessarily the germ-cells 
that are the means of transmitting characters from one genera- 
tion to the next. Innumerable investigations upon such cells 
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aJso render it practically certain that the part concerned with 
heredity is the nucleus, i.e. the specialized particle of protoplasm 
which every germ-cell contains. VVeismann limits the field still 
further, and considers that the nucleus is in part composed of 
“germ plasma”, a protoplasmic material specially concerned with 
the transmission of characters. In typical egg-propagation (see 
vol. iii, p. 335) germ-cells from the two parents fuse together, 
and the essential point about the process seems to be the union 
of the two nuclei. This has undoubtedly an important bearing 
on the question of heredity, but precisely what bearing is still a 
matter of doubt It is perhaps the most remarkable fact in the 
whole realm of knowledge that the fusion of two microscopic 
particles of protoplasm should carry with it so \ast a range of 
possibilities as regards inheritance. 

There are some clear cases which prove that the germ-cells 
are influenced by some of the factors in the surroundings. Yung, 
for example, by bringing up tadpoles on specially nutritious foo^ 
was able to produce with certainty an abnormal proportion of 
females (90 per cent or even more), and we have elsewhere seen 
(see p. 256) that a fertilized bee’s egg may give rise to either a 
worker or queen, according to the nature of the food received 
by the larva. Even more remarkable is the case of certain lowly 
crustaceans upon which Schmankewitsch experimented. In the 
course of several generations he was able to convert a species 
{Ariemia Mi/hausenii) living in saltish water into another species 
{A. salina), by gradually increasing the amount of salt. He also 
found it [Kissible to conduct the experiment in the reverse order, 
and in this instance was able to go a step further, obtaining a 
third species of a distinct genus {Braneftipus sfagna/is)^ char- 
acteristic of j)erfectly fresh water. In the light of such facts it 
seems difficult to believe that there is no possibility of acquired 
somatic characters being transmissible, for we can scarcely main- 
tain that in all the cases cited the germ -cells were directly 
influenced by modification in the surroundings. 

Gal ton has formulate<I a law (since modified by Karl Pearson) 
expressing numerically the influence -f parents and remoter an- 
cestors upon the characters of offspring, and the application of 
mathematical methods to biological statistics is likely to yield 
important results in the immediate future, as regards heredity, 
variation, and many other problems. On the botanical side very 
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remarkable results bearing on the theory of heredity have been 
obtained by applying the principles of Mendel, but these cannot 
be discussed here, especially as there are difficulties in the way 
of conducting similar experiments on animals. 

Readers who wish to acquire further knowledge in matters 
relating to biological theory would do well to consult the works 
of Darwin, Wallace (especially Darivini^rn), Romanes {^Darwin 
and After Danui?i), Weismann, Lloyd Morgan, Verworn (General 
Physiology), E. B. Wilson (Jfke Cell m Droelopment and Inheri- 
tance), T. Hunt Morgan (^Evolution and Adaptation), and Mendel 
(Principles of Heredity). A good preliminary acquaintance with 
the subject may be obtained by reading Arthur Thomsons 
Science of Life. 
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Abomasuhi, in the stomach of Ruminants, the 
tbuith compartment (chemical stomach). 

Abysmal zone ((ik. ahys^Usy very deep), the 
deepest part of the sea. 

Accommodation, adjustment of the individual 
to Its surroundings. 

Acetabulum (L. for vinegar cup), the socket 
in the hip into which the thigh-bone fits. 

Acquired character, a character acquired by 
an individual in relation to its surroundings. 

Adaptation, G’ adiuslment of sp<*cies to their 
surroundings. 

Adductor muscles (L. adduce, I lead to), 
muscles which by their contraction close the 
shells of Bivalve Molluscs, Lamp-Shells, and 
Mussel-Shrimps. 

Adipose fin, the small, fatty .second dorsal fin 
ot members of the Salmon Family. 

ABsthetic or ASsthetics (Gk. nisthetikHs, sen- 
sitive), the philosophy ot the beautiful. 

Afferent branchial vessels (L. afford, I carry 
to; Gk. bramhia, gills)t blood-vessels W'hirh 
carry impute blood to gills to be purified. 

Afferent nerve -fibre (L. afford, I carry to), 
a nerve -fibie in which the impulse travels 
towards the central organs. 

Air-bladder. See Swim-bladder. 

Ala spuria. .See Bastard-win^. 

Albinism (L. albas, while or pale), exceptional 
whiteness or paleness in hue of some mem- 
b( I s ot a species. 

Albino, an individual exhibiting albinism. 

Albumen, or Albumin, the complex albumi- 
noid (which see) of which the white of an 
egg IS made up. 

Albuminoids, complex compounds, chiefly 
made up of carbon, hydrogen, oxygen, 
sulphur, and (in .some ca.ses) phosphorus. 

Alima, pi. -ae, in Mantis-Shrimps, an attenu- 
ated kind of larva. 

Ambergris, concretions formed in the intestine 
of the sperm-whale. U.sed in perfumery. 

Ambulacral, relating to an ambulacrum ; Am- 
bulacral area, a band or zone bearing tubc- 
feet ; Ambulacral os.sicle, one of the cal- 
careous plates roofing an ambulacrum. 

Ambulacrum, pi. -a (L. for pleasure grove), 
in S’ar-Fishes, one of the grooves in which 
the tube-feet are lodged. 


Ammocsetes, the larv.i of a I-amprey, 

Amoeboid movement, irregular flowing or 
creeping movements, pciiormed by naked 
masses of protoplasm, e.g. in the Proteus 
Animalcule (Amoeba). 

Amphibious (Gk. amphi, both wa>s; bibs, 
life): (i) able to breathe both ordinary air 
and air dissolved m water; (2) breathing 
dissolved air during the early part of life 
and ordinary air afterwards. 

Ampulla (L. a flask): (i)in the internal 
ear of Vertebrates, the swollen part of a 
semicircular canal; (2) in fi)chinodcrms, a 
small sac connected with a tube-foot. 

Anabolic, relating to anabolism. 

Anabolism (Gk. anabblv, an ascent), the up- 
building chemical processes that take place 
lAilhin the body. 

Analogous, displaying analogy. 

Analogy {(Jk. analbgiJs, in agreement with), 
applied to parts w'hich do the same physio- 
logical work irrespective of relative position 
and mode of development. See also Hom- 
ology. 

Anatomy (Gk^, anatome, dissection), the study 
of structure. 

Anbury, in turnips, i hscase due to the pres- 
eiue ot a fungiis-an’in^l {Plasmodiophora 
brass t((r). 

Antenna (L. for yard-arm): (t) one of the feelers 
of an Insect, or Myriapod; (2) one of the 
second teelers ot a Cnist.accan ; (3) one of 
the head-feelers of a Brisllc-Worm. 

Antennary gland, in higher Crustaceans, one 
of a p.iir of excretory oigans b\ which nitro- 
genous waste IS removed from the body. 
They open at the bases ot the antcnn.'c. 

Antcnnule, m Cru.staceans, one of the small 
first pair of feelers. 

Anthrax, in cattle, &c., a bacterial disease, 
often .set up by insect bites. 

Anthropoid (Gk. anlhrdpbs, man ; eidbs, ap- 
pearance), man-like. 

An^i-toxin (Gk. anti, against; L. toxicum, 
} 'son), a complex organic substance (defen- 
sive proteid) conferring immunity against 
disease-germs. 

Antler, in Deer, a bony outgrowth from the 
.skull, which is shed annually. 
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Antlei -royal, tiu third branch of a l\td Dttrs 
Aiilicr (( ountini; (lom its basi ) 

Aorta (tfk o?iro^ I curry), ihi chut artirj of 
iIk 1 >h 1 \ 

Aortic arches, the arteries which tinAcrse the 
Mm n il i r I. lu s of \ I rtt hr.itc s 
Apical disc. Ill 1 chiiirKlti nis (csptcially sta- 
WH Inns), I double un It t ot pl.itts on the 
iij)|u r Mill ICC ot the l)od}. 

Apiculture (1 n/>/s, a iKt ), btt tultiirc. 

Apieria itik ,f without. piir\lon a leather). 

It iiluiltss |».itclits ot a Riids skin. 

Arch, ol a \tiUljt i (tir joint of the b.ukbone), 
ill! doisil |Mrt whith hums tlie riKit ind 
sitl' s of iht hole tra\<rsLd b\ tlie spinal 

l oitl 

Arclienteron ((ik. nn/n , i iKvfinmmj , enteton, 

,.11 mitsiiiit) (he (li.^tsti\i ea\ it \ ot the 
fjashula (which st < ) 

Area of distribution, 11 1 1 inh ibititl b\ i 
spi ( Us 01 oilur iiiiiii il c,>oup It IS // s/ )/j. 
tiuh lii^ it Kuisisliiik, I't two or moie isol tied 
IKu lions 

Artery, a blood-Mssil winch caincs blood 
Irmn tIu hi ii l 

Articular processes, pi (1). cl uMis on tin in lu s 1 

ol Miltbia.', bi wliuh ilicst an comuited 
lot,! (her I 

Artilicial selection, tin pnxliu turn ot bn ds 1 
• I ilunicslit iltd iiiim ds 1 >\ Ini n n ic,< »u \ | 

Assimilation (I n// u / 1 m iki liki ), the 

loiiifision <1 <lit,<slid h»u«l Mto be tl\ sub- I 
s< iiu I 

A (a\ ism If oUru^ .in nuisloi S< < AV't/s 

H 

Atlas, ill MII.^ sh qn (1 I i s| \<rttluiof tie 
k 1 on 


Atoll, I line, sh qi d » 1 I isi t d 

Atn il caviti (I 1 / / i I 1 » i n t sur- 
f mil iL. in I ( ' il I plitiMX 111 1 iiKtltls 


.1 \m . n . 

Ain pne, il 

’1 ) 

1 1 ^ t f 

d < \ll 1 ll < IV itV 

Ae ult (1 t i 

' 1 

III 111 illV Iv 

t V . I 

1 1 

1 III w ll 11 V t ms 


Auiicui in i pi - p 1 1 III* I till « ti ) in 
^ I ( nn M 1 s ji* I I I I , 1 \ dt d I 

w 1 - I I . I ' I ^ t 1 s lh« 

oil ‘ I -M IV 

Australian rt^,lorl Vnsii di nd iil) 1 < nt 
I-. 1 ids \ I I isi I 1 JI I ' « ' 1 is’ Iiiiln s, 

N v\ / nul iinl I’t 1\ 1 s i 
Axis ill s( < ml m k \ i 1 it bi i 1 


Balance rs (11 lilt It s) sm dl flidi-shqnd sinic- 
hin s It pn SI utiii^ tin n dm t d himi witii^s m 

I III s 

Baieen i *• wh dt bom j m i*K;ihlt ss \\ hales, 
tlisiiv jil.iits h.'intiin.; down ro 11 the mkiI 
I I III in mil. 

Barb, om <1 tin fliiltiitd bi uulus Imme b> 
(In ixis I f i f< ath r 

Barbel, one of the sinsitivc hkin nis with 


which the inouth-rei^ioii is provided in some 
lishcs, Cal-hishe's. 

Barbule, one of the small branehes borne by 
the Uirbs of a feather 

Bastard- wing (ala spuiia), a tuft of feathers 
boiiie li\ the thumb of a birtl. 
Bdche-de-mer, Trepang (which st e). 
Bedeguar, i tufted gall on the rose, pinduiid 
h\ iht attack ot a Gall-H). 

Bene^cials, those wild animals that h\ ilu it 
h dills proiiiolt the wiltaii of mankiiid. 
Benthos ((ik bi^nihus, dipth), the assemblage 
ot IIIIIII ds Mihahiling (it t p watti. 

Bez-tine, tilt sieond bianchol .1 Ktd I)e*ers 
in'll t (toiiiitiiig tiom its bastt 
Biconcave, hollow on botli sides, eg, the \cr- 
tebia ol .1 1 jsh 
Bicuspid See Pri molar 
Bilateral Symmetry. S»c \ymmetry. 

Bile, or Gall, the seen lion t>l tiu lixti 
Bile-duct, a tiibt Ihroiigh which bilt passes 
into tin iiilisliiu. 

Bio’ogy ((ik h:uK, bli , t a diseouisi), the 
sv I n ( of life. 

Bipinnaria, pi. -ae, m Slii-I ishes, tiu bilateral 
I If VI, which IS provided with pans ot soft 
< ill lie tl 11 ins. 

Bi valve, ipplit (1 to the sht II ol i Mollusc vvlit n 
111 itlt up ot two pieces or v dvts, i g in .i 
Miishi I 1 iinp-sht lls (Ki itliiopodt) in iKo 
biv iht md Musst 1 - Shi imps (Osir i« oil 1) 
p«)ssiss I biv.dve sl^t^ld or shell. 
Blastopoie (< ik A/usAm, ,1 giiin, /Von, i p ts- 
s u,« , lilt n outh of .V (• isirul.i (whu 11 s( ( ) 
Blistosphcre ((ik buis/t s a geim, •‘plunnt, 
«i sp> 4 1 ) I hollow iiid spill loitlil kind ol 
I HI isi 11 I (w Im h SI t ) 

Blistula (tik (Inn ol biastus, \ giiinl, the 
eiiilivoim slice nsiilliiik, tnmi ( le iv ige 
(vviiuli set ) 

Blight, 1 disi. ist of pi. mis, ofli n elue tt) the* 
])n t lie I (I tpliidi s 

Blubbei, 111 111 It nil I mini lls a Ihitk l.ivii of 
I it lu I \\ 'lu skill 

Body-cavlt^ m mini ds luc'^lu r Ih.m /ot). 
ph\t s, I sp u tl Mil sill sp let s l)et w t eit 
(Ii iiiltiiiil iM.^ms iml bodv will 
Botany (^iK ' iiiuii), tin seuriti eleal- 

iiig with ]d mis 

Bouchot, IP iiiiisM I t ultiire, .1 eolleclor in.ide 
ol St ikt s vMlh mil 1 v\*»\ I II Ivviys. 
Brachiolaria, pi -ae, a \.i|itl) of Ilu Hipin- 
ii.iti I w hit II St e ) 

Bronchu*', pi. -i, ont of the two maiii bi.iiuhes 
ol till vv Hill |>i| I 

Brood - parasitism, usid <f amm iN (. g the 
t It kiio) wimh • V itle iH* it snonsibilit v ot 
bringing up tin ir r wii noting. 

Brow-tine liu Ihvmsi )u uu h ol .1 l\ed (hers 
lilt It r, pt eqt t n ig t>v I f ilu Ion u #id. 
Byssus((ik b\ u/'k idhisive ihn.ulsbv veauh 

some* Bivalvt Molluse s att it h tht nist tv • s 
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Caecum, pi. -a ( L. qacus^ blind), a blindly 
ending tube 

Calcaneum (L. for heel), the heel-bone. 

Calcar (L. for spur), a small pointed projection 
oil the inner side of a Frog's hind- foot. 
Calcareous (L. calxy calcts^ lime), of a limy 
naliirc. 

Callosity, a hardened patch of skin. 

Calyx ((^k. kalvx^ a cup), the outer investing 
l«M\cs of a flower. 

Canine, one of the four “ eje-leelh ” in a Mam- 
niril Situated outside the Incisorsf which sec), 
aiul well di'velopcii in cariii\otous forms. 

Cannon-bone: (i) in Horse, &c., the large 
metnraipal or metat irsal of the single 
divjit ; {-») in KiimiMaiils, the compound bone 
formed by fusion of third and fourth incla- 
iar])als oi incMatarsals. 

Capillaries (L. rapillus^ hair), microscopic j 
hl< khUx I sseK with exceedingly thin walls. 
The name is niish adii]>;, since they arc much 
sm.illi r ih.in the fun st hair'<. j 

Carapace, a firm protective shield covering the j 
upiuT side and flanks in some animals. 

Cardia (ih' Oieek name), the opening be- 
tween i^uiiet ir. l stomach. 

Cardo (L. for hinge), the basal joint of an 
liisf^ct’s second j.'.w. 

Carinate (L. rarina^ a keel): (i) with a ktsd- 
like projection; (Ji applied to fl>iug birds, in 
which the bi east-bone possr sses such a pro- 
]e ’lif)n, for the attachment of the inusck s of 
lliglit. 

Cainassials (L. airnosits, relating to flr sh), or 
Flesh-teeth, ui ("aiiu voces, four cutting 
cheek-teeth whu h act like scissors. 

Carnivorous, flesh-ealiiig. 

Carotid ((ik. kurd, iJie lie.un, a term applied to 
ari<*nes which carry blo< ■’ to (he ht .ul and 
mck. 

Carpale, pi. -la (Gk. karprts, the wrist), the 
tlisl.d elements of the caipus. 

Carpel ((ik. knrpds, fruit), a modified flower- 
h’af that luars ules. The Fislil (which 
see) eons.sts of om* or moie c.irpels. 

Carpus (tik. kurp>^St the wrist), the. skekton of 
the w'lisl. 

Cartilage, gristle. 

Caste, in social Insects, a set of similar indi- 
viduals. 

Caval veins, in air-breathing Vertebrates, the 
great veins which return impure blotid to the 
heart. 

Caviare, the preserv’ed h.ird rocs (ovaries) of 
the sturgeon. 

Cell, a nucleated mass of protoplasm, gener- 
ally mieiosiopic. and usually ng.'udrd as 
the unit of structure. 

Centrale, a central elemf'nt of the carpus or 
tarsus 

Centrum, pi. -a, of a .Lrt*‘bra, the rel,itlv<-Iy 
massi\o ventr.il part, flooi ing the hole Ira- 
verserl bv the spinal corrl. 

Cephalo-lhorax (Gk. kf^phali', i he head ; fhoraw 


I the chest), in some Arthropods, the front 
region of the bo^ly, formed by fusion of the 
head with part or all of the thorax. 

Cerata (Gk. h^rata^ horns), in Sea-slugs (Nudi- 
branchs), club-shaped outgrowths : pringing 
from the back. 

Cercaria, pi. -se (Gk. k^rkiis^ a tail;, in Flukea, 
a tadpole-shaped stage in the life-hisiory 
Produced by the Rcdia (which see), and 
immediately pn*ceding the adult stage. 

Cerci (Gk. ki^rkiis^ r tail), jointed rods projt'cl- 
ing Irom the hinder end ol an Insect’s abdo- 

IIW-ll. 

Cere (L. cera, wax), a hare jKitch of skin at 
the b.isc* of a Bird's beak. 

Cerebellum (L. dim. of cerebrum^ the brain), 
an uiip.'iired riors.il oii.giowMi fioni the 
himh'r part of the brain ot a Vertebr.ile. 

Cerebral hemispheres (L. rervhrum, the brain), 
ihe highest pai t of the biam in Vr*rtebralej», 
usii.illy consisting of a p iir of oulgrowtliH 
from near its front end. 

Cervical ^L. cervix, the neck), relating to the 
neck. 

Chalaza (Gk. for hail), in a Bird's egg, a 
twisti'il cord-like stun. tun- traversing ihe 
albumen (“ white ”) at either end. 

Cheek-teeth, the back-loelh. 

Chelicera, pi. -a, (Gk. chrie^ a tl.iw; k?ras, a 
luun), one of the lii>»t p.iir ol he.td limbs iii 
Spidei-like anim:ils (Aiachnid.i). 

Chlorophyll ((ik. chlurH^^ grass gn eii ; phylffin, 
a ’ at), or Leaf-green, the ch.ir.n in isti'e pig- 
mi'iit of giet'ii pl.'ints. It also rn cais in a 
few lower animals. 

Chordotonal organ ((ik. ciihuie, a sinng; 
A Uittu'i, slreleln d), in some Insi its, a kind of 
sens* org.in rel.iled to ) d.uM i*, or iitaring, 
or both. 

Choroid (tik. (hd*’idn. skin; appearance), 
the iiiiddU* ruat » ihe c\ )»all. It is pig- 
iiKiilcd .mil vasLiil.n, and extern, ill\ forms 
the ins (w hu h sci , 

Chromatophorc(( ik r'''//'r 7 ///fi,coIi‘mring mailer; 

p/u*rd, 1 bi.ir), a small i.r miiiule borly ci>n- 
t iiicng pignun., .ovl situ iied in the skin. 
Coloiir-t h.ing^ s .in dm* to the alteration in 
si/c i *' sui h bodu s. 

Chrysalis, ]>! -ides (tli- Greek name), the 
pupa ol ;i Molli OI Inilliifly. 

Ciliary action, die moveineni of ci . ■ 

Cdium, pi. cilia il,. rn'i'ifh, iwel.ish), a micro- 
sropie thread ot pr iio|»l.i-.:n, po'^sessing the 
jiower ot aiternati !\ bt ndmg and sii .iigliieii- 
iiig. Xiinurous < ili.i are usually jissm i.ited 
lonolher. The (krivatum is misleading. 

Circulatory organs, the struriures coneerned 
With disinbuliiig umd and lymph tlirougli- 
ttheboiiv. 

Cirrus, pi. -i (I., cirrus, a tentacle): (i) one of 
the slender-|ijinti d .ippcndages of a Barnacle; 
(j) one of llie sensory filaments borne bv the 
scgnienisol Bristle-Worms; (3)111 Sea-Lilies, 
one ol the jointed threads ot which numerous 
circlets arc* borne by the stalk. 
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Claire, in French oyster culture, a muddy salt 
pund in which oysters are ^greened' by 
feeding on minute algae. 

Clavicle, the collar-bone. 

Cleavage, the early divisions of the fertilized 
egg-cell, resulting in a Blastul.a (which see). 

Clitellum (L. cliU'lItE, a pack-saddle), in 
Earth-\Vorn>s and Leeches, a glandular re- 
gion of the skin, which secretes the material 
for the cocoon. 

Cloaca (L. cloaca ^ a sewer), a chamber into 
which, e.g. in a Frog, iiitestme, excretory 
organs, and reproductive organs open. 

Coccyx (Gk. foi cuckoo), the reduced tail- 
region of the biickboiie in Man and the man- 
like Apes. 

Cochineal, a red pigment extractt*d from the 
diicd bodies of Cochineal Insects. 

Cochlea (L. cochlea^ a snail-shell), in Mam- 
mals, a spirally-coiled part of the membran- 
ous lab) rinth. 

Cocoon, a variously shaped case in which the 
eggs or other in.'iclive stages m the lilc- 
history of various animals are enclosed. 

Coelom (Gk. kotlfis^ hollow'), a Rody-ca\il\ 
(which see) contaiiimg l)mpli-like *luid and 
cominimicat.ng w ith the exiei lur by excretoi y 
tubes. 

Ccenosarc (Gk. koinlis^ common ; sar.x^ snrevs, 
flesh), in colonial Zoophvtes, the common 
body by which the individuals are united. 

Collar->cell, in Sponges, a cell bearing a single 
flagellum with a collar-like projection at its 
base. 

Collector, in oyster- and mussel-culture, an 
arr.'iMgement of twigs, boards, or tiles, to 
which the larvae oi fiv attach themselves. 

Colonial, relating to a ColorfV (which see). 

Colony, an assemblage of lower animals, m 
which the bodies of all the individuals are 
ccr' muons. The ccmdltion is a result of 

vegetative projMgation. 

Columella (L. columella^ a little pillar), a small 
rod which slretihcs .utoss the drum ot the 
ear in Birds, some Reptiles, and some Am- 
phibians. 

Columnar epithelium, epithelium composed ot 
cells elongated at right angles to the surface. 

Commensalism (L. row-, together; vtensuy a 
dining-tabic), the association of two organ- 
isms as messmates, or commensals, to the 
benefit of one or both. 

Compound eye, an eye made up of more or 
less numerous optically di.stinct elements 
each with an external facet. Possessed by 
many Arthropods. 

Concha (L. concha^ a shell) the ear-flap of a 
Mammal. 

Condyle (Gk. condylos^ a tubercle), a rounded 
projection on a TOne or cartilage, where it 
helps to form a movable joint. Mandibular 
condyles, at back of lower Uw, where it 
unites with skull. Occipital condyle (or 
condyles), on back of skull, where it joins the 
backbone. 


Conjugation (L. conjugato^ conjugatum^ to 
bind together), in some Animalcules, the 
temporary or permanent fusion of two indi- 
viduals, accompanied by union of nuclear 
material, and having an invigorating effect, 
shown by active vegetative prop;igation. 

Continental island, an island that was at one 
time part of an existing continent. 

Contractile, endowed with contractility. 

Contractility, the power possessed by proto- 
plasm of changing its shape with no or 
slight change in volume. 

Coracoid bone (Gk. klirav, a raven), a ventral 
element in the shoulder-skeleton ot lower 
V'ertebrates. Coracoid process, a projection 
(coinpiared in Man to a raven’s beak) on 
the shoulder-blade of Mamtn.als, equivalent 
to the coracoid bone. 

Cornea (L. lorneus, horny), a transparent aiea 
of the sclerotic coat through which light 
enters the eye. 

Corolla (L. for little crown), the inner invest- 
ing leaves of a flower. Usually biightly 
coloured. 

Corpus callosum (L. for hard bod)), a band 
of nerve-fibres which in most Mammals 
connects the cerebral hemispheres. 

Corpuscles (L. dim. of corpus, a body), mieio- 
seopic bodies floating in blood or iMiiph. 
White or Colourless t'orpuscles, luiclc'ated 
cells, able to change their shape, found in 
both blood and lymph. Red Corpuscles, 
round or oval discs present in the blood of 
many animals 

Cortex (L. cortex, barl^ the external layer of 
the cerebial hemispheres and cerebellum. 

Costal (I., costa, a nb), relating to the ribs. 

Courtship coloration, beautiful colours dis. 
pl.ived (usually b) the male) as a coiiilslii|j 
an essory. 

Courtship selection, prefer* ntud mating, as 
deternimed by combat, or by the possession 
of ;esth«‘tic charact*Ts. 

Cranial flexure, a bend in the brain. 

Cranial nerves, the nerves which arise from 
the brain. 

Cranium (Cik. hranitin, the skull), the brain- 
casc. 

Crop, in the gut of various animals, a dilated 
pait of the gullet, or enlarged region follow- 
ing the gullet. It serves for temporary stor- 
age of food. 

Cross-fertilization, fertilization of an rgg-cell 
by a sperm (or its equivalent) derived from 
another organism. 

Cross-pollination, transfer Of pollen from the 
stamens of one flower to the stigma of 
another flower. 

Coxa (L. coxa, a hip), the basal joint of an 
Insect’s leg. 

Cul de mulct, Sea-anemones used as an 
article of food in parts of southern Europe. 

Cultch, in oyster-culture, empty shells, broken 
tiles, &c., upon which oysters are grown. 
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Cuticle, an elastic exoskeleton of horny con> 
sistency external to the epridermis, by which 
it is secreted. 

Cysticercut, pi. -i (Gk. cysNst a bladder; 
kitrktis, a tail), in most Tape-Worms, the 
bladder-worm s^ge. 

Dsrwinism. See Natural selection^ 

Degeneration, a process of simplification 
whereby some forms adapt themselves to a 
parasitic or to a fixed mode of life. 

Denitrifying, used of bacteria which liberate 
nitrogeri from organic matter. 

Dental formula, a numerical expression, show- 
ing the number and kinds of teeth present in 
a given species of Mammal. 

Dentine (L. dtns^ dentis^ a tooth), a hard sub- 
stance of which teeth are chiefly composed. 

Dermatoptic vision (Gk. d^rtna, -atitsy a skin; 
optikdsy pertaining to sight), seeing by means 
of the skin. 

Dermis (Gk. dtfrmay a skin), the inner layer of 
the skin. 

Diaphragm fl.u G»--ek name), the midriff. 

Didactyle (Gk. di-y two; dakfyWs, a finger 
or toe), possessing two digits. 

Digitigrade (L. digitus, the toe of an animal; 
grado, 1 walk), walking upon the digits. 

Diphycercal (Gk. diphyis, double; k^rkHs, a 
tail). See Protocercau 

Diploblastic fGk. diphus, double; blasilfs, a 
germ), applied to animals in which the body 
is essentially composed of two cellular 
layers. 

Dispersal, the spreading of a species from the 
area where it was first evolved. 

Dorsal (L. dorsum, the back), applied to the 
upper side of an animal. 

Ductless glands, a name applied to a number 
of small structures, of various use, which do 
not possess ducts or tubes for carrying off 
a liquid secretion. See Lymphatic glands. 
Thymus, Thyroid, Spleen. 

Ectoderm (Gk. ^tlfs, outside ; d^rma, a skin), 
the external cellular layer of the body. 

Ectoparasite. See Parasite. 

Eder-fold, one of the nesting-grounds of the 
eider-duck. 

Efferent branchial vessels (L. e^rO, I carry 
from; Gk. bronchia, gills), blocd-vessels 
which carry off purified blood from gills. 

Efferent nerve-fibre (L. eff^rd, I carry from), 
a nerve -fibre in which the impulse travels 
outwards from the central organs. 

Elevage, in French oyster-culture, the rearing 
of young oysters to a marketable size. 

Eleveur, a French oyster-culturalist concerned 
with Elevage. 

Elytron, pi. -a, (Greek name for (i) ): (i) in 
Insects, a fore-wing modified into a hard 
cover for the delicate hind-wing; (2) in 
some marine Bristle -Worms, a breathing- 
scale. 


Embryology (Gk. Itmbrylfn, an embryo ; Iffgbs, 
a discourse), the study of the development 
of animals. 

Endoderm (Gk. KndUn, within ; dKrmd, a skin), 
the internal cellular layer of the body. 

Endoparasite. See Parasite, 

Endoskeleton, internal hard parts serving for 
support, &c. 

Entomophiious(Gk. Untbmbs, an insect; philed, 

I love), of flowers, pollinated by insects. 

Environment, the sum total of an animal’s 
surroundings. 

Eozoic epoch (Gk. eos, dawn; zo?, life), the 
most ancient geological era. 

Ephippium (Gk. ^phippidn, a saddle-cloth), in 
Water-'* Fleas", a saddle-shaped thicken- 
ing of the parent-shell, serving to enclose 
and protect the winter-eggs. 

Bphyra, pt. -s, a young jelly-fish of flattened 
form, produced by transverse fission of a 
fixed Zoophyte. 

Epidermis (the Greek name), the protective 
outer layei of the skin. 

Epigenesis (Gk. Hpi, after; gennab, I pro- 
duce), the accepted view that development 
of animals is a process involving a gradual 
up-building from simple to complex. See 
l^ejormation. 

Epiglottis (the Greek name), in Mammals, an 
elastic flap which prevents food from enter- 
ing the wind-pipe. 

Epipouium, pi. -ia (Gk. epi, upon; potts, 
pddbs, a foot), in some Molhi'.cs, a muscular 
flap arising high up either side of the foot. 

Epipubic, connected with the front end of the 
Pubis (which sec). 

Epithelium, pi. -a, layers of cells covering ex- 
ternal and lining internal surfaces. 

Ethiopian region, sou»h Arabia with Africa 
south of the Sahaia. 

Euglenoid movement, a wriggling mode of 
creeping effected by alUring the shape of the 
body, as in Euglena, a sort of Animalcule. 

Eustachian tube, a passage connecting the 
drum of the ear with the pharynx in air- 
breathing Vertebrates. 

Evolution (L. evolutio, an unfolding), the de- 
velopment of species by modification of pre- 
existing species. See also Special creation. 

Excretion, the getting rid of waste products. 

Exhalent. See Siphon, 

Exoskeleton, external hard parts serving for 
support, Sic. 

Extensor, applied to muscles which straighten 
or extend a limb, or region of the body. 

Fas- 'we, in oyster-culture, a bundle of twigs 
used as a spat-collector. 

Femoral, relating to the thigh. 

Femur (L. for thigh): (1) the thigh-bone of 
Vertebrates; (2) a part of the leg in Insects, 
Slc. 

Fenestra ovalis (L. for oval window), in Verte- 
brates, a membrane -filled vacuity in the 
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outer wall of the firm capsule containing- the 
esseiih.il organs of hearing. 

Fertilization, ilie fusion of two nuclear masses, 
coiinnonly deiivcd from difTercnt individucils. 

Fetlock, in limbs of Horse, &c,: (i) the 
kiuu'kk'-joint ot the single digit; (2) the tuft 
of liair altf'ii lied to this joint. 

Fibula (L. lor bodkin), the bone of the lower 
leg vvhich IS on the hltle-toe side. 

Fibulare, a pioximal element of the taisus, 
situaled on the side Ui-xl ihe little toe. 

Filoplume, .1 sm.ill and imperlert feather, ot 
dovMi\ texture. 

Finger-and-Toe. See .t/iSury. 

Fin-rays, in Fisln s, skeU i.il rods which sup- 
port the fins. 

Fins, in \anous aquatic anini.ils, fl.'il cxp.in- 
sions of the Ixxl} used in swimming. 

Fission (L. JfmAz, /^ss/iw, to split), vegetative 
propag.it ion In' splitting ol the parent bod\ 

Flagellum, pi. -a (L. for whip-lash), an elon- 
gated ihre'id of protop'asm, capable ol 
executing l.ishing inoxemeiits. A single cell 
be.irs but one or a few. See CUiun:. 

Flexor, applied to muscles which bend or flex 
a limb, or n gion ol the hod). 

Fluke, in Cetatcans, one of the taiI-lolx;s. 

Fly-sickncss, a fatal disease of horses, &.C., 
set up by the attacks ot the tsetsc-fly. 

Food-vacuole, in Animalcules, a food-contain- 
ing space within the fxjdy. 

Food-yolk, nutritive material stored up in (or 
outside) the egg-cell, for use dining de\elop- 
meiU. 

Foot: (1) in broad sense, the extremity of any 
limb used for locomotion ; (2) more .stni ll) . 
the cxtrenijtv of a hind-hmb in Vertebrates; 
(3) an un| 7 aired mus< ular projection from the 
under side of a Molluse, used in locomotion. 

Foot -stump. See Parapod, 

Foramen, pi. -ina (L. foi hole), .a hole through 
which (iisiialli) a nerve or bloo<l-vessel 
passes. F<jr.tfTicii magnum, the large ojK*n- 
ing in the b.nck of Ihe brain-c.ase, where brain 
and spinal cord are I'ontinuous. 

Foramina repugnatona, in Millipedes, small 
pc;res on the '.ides of the body, b)' which the 
stink-glands open. 

Fore -gut, the front pari of the digestive tube, 
dcvelo|)ed as an inpushmg from the exterior. 

Fossils (I- fosstlis, dug out), the remains of 
organisms, or proofs of I heir existence, 
whi« It have bc"n natur.ill) imbedded in 
rocks. 

Frenulum (L. dim. of Jrenuvi, a bridle), in 
Moths, one or more bristles projecting from 
the front of the hind-wing, and .ittachmg 
this to the fore- wing by interlocking with 
the Retinaculum (whieh see). 

Funicle (L. funirulu^, a cord), in Moss-Fo- 
lypes, a fibrous band connecting the stomach 
With the boilv-w’all. 

Funnel, a mus« nlartube through which Cuttle- 
fishes, Acf ,, ejei t water from the gill-cavit), 
and arc enabled to swim. 


Furcula (L. for a prop), the “ merry-thought ’’ 
of a Bird, consisting of the two collar-bones 
united together. 

Galea (L. for a helmet), in Insects, the outer 
branch of the second or third jaw. 

Gall: (i)bile; (2) an abnormal external growth 
resulting from the attack of a parasite. 

Gall-bladder, a membi anuus bag in which 
bile is tem]K)r:ii ilv stored. 

Ganglion, pi. ganglia {(ik. for a small tumour), 
an aggregation ol nerve-eells. 

Ganglion -cell. See Xervc-cell. 

Ganoid ((jk. ganos^ briHiaiic) ; ttdos, appear- 
ance), .'ipplied to the regularly arranged 
lx>ny plates (g.inuid scales) covering the 
btxfies ot some Fishes. 

Gapes, in Birds, a disease due to the presence 
of p.^rasitic wc*rms {SynganiU!i iracheitltS) in 
the air-passages. 

Gastric glands, minute lubes imbedded in the 
lining ot the slnm.ieh, and secreting gastric 
juice. 

Gastric juice, a digestive fluid secreted or 
elaborated by the g.istric glands. It acts 
on albuminoids, converting them into soluble 
diffusible peptones. 

Gastric mill, in Crustaceans, a chewing 
apparatus with which the stomach is ])ro- 
vided. 

Gastrula (L. dim. from g-nsfer, a siomaeh), .1 
double -layered embno possessing mouth 
and digestive cavit) (archcnteroii). 

Gemmation (L. gemma^ a'l^ud), production of 
new individuals by budding. 

General aggressive resemblance, applied to 
predaceous forms which hannoiii/,e in 
api>earance with their surroundings, and 
are thus rendered inconspicuous. 

Genus, pi. genera (L. for a race or family), 
a classificatory group including one or more 
•species. 

Germinal disc, that part of the egg which, 
e.g. in a Bird, develops into the embryo. 

Germinal variation, variation ot germ-cells 
(ova and sperms). 

Germ Plasma, that part of the nucleus ol a 
germ-cell concerned (according to Weis- 
mann) with heredity. 

Gill arches and clefts, in Fishes, &c., those 
visceral arches and clefts (which see) related 
to the gills. 

Gill-cover, or Operculum, (pi. -a), in many 
Fishes, &c., a flap which covers the gill-shts. 

Gill-rakers, in some Fishes, filaments project- 
ing from the edges of the inner openings of 
the gilUpouches, and serving as a straining- 
apparatus. 

Gizzard, in various animals, a thick- walled 
part of the digestive tube in which food is 
broken up. 

Glenoid cavity (Gk. a shallow socket), 

the socket into which the bone of the upper 
arm fits. 
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Qlochidium, pi. -a, the larva of a Fresh- 
water Mussel. 

Glottis (the (jrcek name), the openiiig- of the 
windpipe in the floor of the pharynx. 

Gonophore (Gk. gdnUSf offspring'; pMr6^ 1 
bear), in Zoophytes, a bud in which eg-g-- 
cells or sperms are produced. 

Green glands. See Antennaiy gland. 

Grey matter, that part of the central nervous 
system made up largely of nerve-cells. 

Ground- Pearl, in some Scale-Insects, the en- 
cysted underground pupa. 

Oular {'L. guloy the throat), near the throat. 

Gut, the digestive tube or alimentary canal. 

Haemoglobin (Gk. haima^ blood; globin^ a 
kind of albuminoid), a complex substance to 
which red corpuscles owe their colour, and 
which in some animals may be dissolved in 
the blood-plasma. Acts as an oxygen- 
ca trier. 

Halteres (L. for club-shaped weights used by 
gymn.'ists). Sec Balancers. 

Haptic (Gk. haptikfis^ endowed with the sense 
of touch), used of sensations of contact. 

Herbi 4 0 ioud, pivnt-eating. 

Heredity, the transmission of characters from 
one generation to another. 

Heterocercal (Gk. Mtlfros^ diverse; llfrkds, 
tail), unsymmetrical. Used of the tail-Hn ot 
certain Fishes, e.g. Sharks. 

Heterodactylous (Gk. different ; dak- 

iylHs^ a toe), in the feet of some climbing 
Birds, with the first and second loos turned 
back, while the third and fourth are directed 
forwards. 

Hind-gut, the hinder part of the digestive 
tube, developed as an inpushing from the 
exterior. 

Hip-girdle, the skeleton of the hip-region. 

Histology (Gk. histtfs, a texture ; lUgifs, a dis- 
course), or Minute anatomy, the study of 
structure by means of the compound micro- 
scope. 

Hock, in hind-limb of Horse, &c., the ankle. 

Holarctic (Gk. ko/iis^ all; arktlis^ the north), 
native to the colder parLs of the Northern 
Hemisphere. 

Homocercal (Gk. hdmHs^ like; ktfrklis^ a tail), 
applied to the lobed and externally sym- 
mi'tiical tail of ordinary Fishes. 

Homologous, displaying homology. 

Homology (Gk. hlimbliigHs^ .agreeing), applied 
to parts W'hich resemble one another as re- 
gards rel:iti\e position and mode ot develop- 
ment, irrespective of use or function. Seri.al 
homology, agreement between structur«*s 
forming a senes, e.g. spinal nerves. Sec 
also Analogy. 

Honey- comb stomach. See Reticulum. 

Host, an organi.sm on which a parasite preys. 
Sec Parasitism. 

Humeral, related to the upper arm. 

Vi.l IV. 


Humerus (the Latin name), the upper -arm 
bone. 

Hybernation, the habit of passing into a torpid 
state dining the cold or dry season. 

Hybrid (L. hybrida. a cro* s-bred animal), a 
cross between two distinct species. Hybrids* 
are usually sterile. 

Hydroid Zoophytes, colonial Coelenterates 
which in fixed stage superficially resemble 
sea-weeds. 

Hyoid bone, supports root of tongue in higher 
Veitebrates. 

Hyomandibular, related to the first two 
visceral arches (which si e), respectively 
known as mandibular and h\ oid. 

Ilium, the dorsal element of the hip-girdle. 

Imago, pi. -ines (L. lor figure, portrait, or 
statue), in Insects, the adult stage. 

Incisor, one of the front teeth of a Mammal. 
Next to these are the Canines. See Canine. 

Inhalent. See Siphon. 

Insertion of a muscle, the end attached to 
a relatively movable part. 

Instinct, the power of performing complex 
actions, subserving adjustment to surround- 
ings, independently of experience or instruc- 
tion. 

Integropalliate, in the shell of a Bivalve Mol- 
lusc, with continuous pallial line. 

Intelligence, the ability to profit by experience 
in adjusting behaviour to changing surround- 
irgs. 

Interambulacral area, m Echinoderms, a band 
01 zone which does not bear tube-feel. 

Inter - clavicle, a skeletal element .situated 
between the clavicles in some animals. 

Intermedium, a proximal median clement in 
the carpus or tarsus. 

Interradial, in rad>ally symmetrical animals, 
rehiting to an inHrradius. 

Interradius, in radiallv .symmetrical animals, 
.'I region of the bod} coming between two of 
the radii. 

Invertebrate, devoid of a backbone or its 
equivalent. 

Iris (L. for rainbow), the coloured part of the 
eye, serving as a diaphragm external to the 
lens. Its opening is the pupil. 

Ischium, the ventral and posterior element of 
the hip-girdle. 

Isinglass, a fine kmd of gelatine, prepared 
from the swim-bladders of fishes, es])ecially 
sturgeons. 

Joint-gill, in Crustaceans, a gill attached to 
the joint at the base o< a limb. 

Kainozoic epoch, (Gk. kaintis, recent; 
life), the latest geological era. 

Katabolic, relating to katabulism. 

Katabolism (Gk. katabolP^ a cr.slmg down), 

127 
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the down-breaking' chemical processes that 
\ake place within the body. 

Knee, in fore-limb of Horse, &c., the wrist. 

Kungu cake, an edible substance prepared on 
the shores of Lake Nyassa, by collecting and 
compressing the aquatic larvae of Insects. 

Labcllum (L. for little lip), the large lower 
petal of an Orchid. 

Labium (L. for a lip), the lower lip of an In- 
sect, formed by the more or less complete 
fusion of the third jaws (second maxilla;). 

Labrum (L. for lip), the upper lip of an 
Arthrop^. 

Laceration, in Sea-Anemonos, production of 
new individuals by the reparation of small 
Iragments of the base. 

Lacinia (L. for a small ii.irt), m Inset is, the 
inner branch of the second or third jaw. 

Lacteals (L. lac, milk), the hmphatics of the 
intestine, so called on account ol the milk\ 
appearance of their contents (digested tat) 
after a meal. 

Lagena (L. for earthen jar), a curved tubular 
part of the membranous labyrinth in Birds, 
&c., equivalent to the Coclilea (which see) 
of Mammals. 

Land-bridge, a submerged an a that once 
united two tracts of land now separated by 
the sea. 

Larva, pi. -a (L. larva ^ a kind of actor’s 
mask), in many lite-histones, an early free- 
living stage {e.g. a Tadjxile or a Caterpillar) 
which is more or less unlike the adult. 

Larynx (the (Ireek name), the voicc-bdx. 

Licked beef, diseased flesh in th<* neighbour- 
hood of Warbles (which see). 

Ligament: (i) a fibrous band running between 
two skelet.'il elements; (2I an elastic b,in<l 
(external ligament) or pad (internal liga- 
ment) by which the shell of a Bivalve Mollusc 
is opened. 

Limb-gill, in Crustaceans, a gill attached to 
a limb. 

Littoral (I.. litus^ littoris^ a shore), belonging 
to the shore. 

Liver-rot, m Sheep, &c., a disease caused by 
the presence of Livei -Flukes. 

Lophophore (Gk. lophus^ tuft or crest; phdrn, 
I bear), in Moss- Polypes, the crown of ten- 
tacles. 

Louping-ill, in Sheep, a bacterial disease 
caused by the attacks of Ticks. 

Lung- books, in Scorpions and Spiders, breath- 
ing organs consisting of depressions into 
which numerous leaf-like folds project. 

Luring, the attraction of farn>-pcsts from the 
plants they attack. 

Lymph, clear fluid containing colourless cor- 
puscles. 

Lymphatic glands, swellings in the course of 
lymphatics, in which new colourless cor- 
puscles are developed. 

Lymph -system, a series of spaces and tubes 
containing Lymph (which see). 


Macronucleus (Gk. mairds^ large), in Ani- 
malcules, the large nucleus. 

Madreponte, in Echinuderms, a perforated 
calcareous plate, through which fluid enters 
the walcr-vascular system. 

Maggot, in Insect.s, a limbless worm -shaped 
larva. 

Malpighian tubes, in Insects, excretory tubes 
opening into the hinder part of the gut. 

Mandible: (i) in Wrlebrates, the lower jaw; 

(2) in .\rthropods, one of the first pair of 
jaws. 

Manna, a sweet substance (honey -dew) secreted 
by a .species of Scale-mscct. 

Mantle, m Molluscs and Lamp-Shells, a flap 
of the body-wall, on the outer side ol which 
shell-substance is formed. 

Mantle-cavity, in Molluscs and Lamp-shells, 
a sp.ice between the buily and Mantle (which 
see). It contains the gill or gills (in .iq.iatic 
Molluscs), and the intestine, excretory organs, 
&r., usually o|)en into it. 

Manyplies. Sec Omasum. 

Masking, inconspicuousness produced by a 
covering of foreign objects, e.ji'. stones and 
bits ol sea-weed. 

Mastax (Gk. for the mouth), the gi/raid-like 
pharynx of Rotifers. 

Maxilla, pi. -ae(L. maxilla, a jaw): (i) in Wr- 
tebrati s, a l)one of the jaw; (2) in Ailhro- 
po<ls, one of the second or third jiair of 
jaws. 

Medusa, in Jelly-Fishes, the egg- producing 
stage, which is usually trcc-sw imnnng. 

Megalopa, pi. -ae (Gk. meffUMptnis, h.iving 
large Icet), in Crabs, the larval stage c 
ceeding the Zoscpl. The legs .are well-Ui- 
N eloped and the tail large. 

Melanie, exhibiting nielanism. 

Melanism ((ik. mUlas, -ano\, dark), excep- 
tional da I kness in hue of some inenilMTs ol 
a s|x*cics. 

Membranous labyrinth, in Vertebrates, the 
complex bag eonslituLing the essential part 
ot the internal ear. 

Mentum ( 1 ,. fur the chin), the part of an 
Insect s lower lip that succeeds the Siib- 
mentuin (whieh see). 

Mesentery (Gk. m(*\i*ut€riiin^ same meaning 
as ( I ) ) ; ( I ) in Vertebrates, a membrani' by 
which the digestive tube is held 111 plai e , (2) 
in Bristle Worm*., one of the tnunsvei se par- 
titions marking off the segments intem.illy; 

(3) in Sea-Ani mones, fitc., one of the par- 
titions connecting the gullet with the body- 
w'ail. 

Mesoderm (Gk. middle ; ddrma^ a skin), 

the middle cellular layer of the body. 

Mesogloea (Gk. m^sHs^ middle; glUids^ a jelly- 
like substance), in Zoophytes, tlu: middle 
often jelly-like layer of the l>ody. 

Mesotarsal, in the middle of the tarsus, e.g. 
a Bird's ankle-joint. 

Mesozoic epoch (Gk. mrsos, middle; so?, litc), 
the latest geological era but one. 
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Metabolic, relating to metabolism. 

Metabolism (Gk. miftabole, change), the cycle 
of chemical changes taking place within the 
body. 

Metacarpale, pi. -ia, one of the skeletal ele- 
ments supporting the palm. 

Metacarpus (Gk. m^takarpt6ny the palm of 
the hand), skeleton of p^m of hund. 

Metamorphosis (Gk. for transformation), the 
series of changes by which the adult stage is 
attained, in cases where the young animal dif- 
fers markedly from its parents. See Larva. 

Metatarsale, pi. -ia, one of the skeletal ele- 
ments supporting the instep. 

Metatarsus (Gk. after; tarsus, the broad 

part of the foot), the skeleton of the instep- 
region of the foot. 

Micronuclcus (Gk. mikrifs, small), in Ani- 
malcules, the small nucleus. 

Microtome (Gk. mtkriisy small; I cut), 

an instrument for cutting thin slices for 
microscopic examination. 

Mid -gut, the middle section of the digestive 
tube. 

Migratioii \L.‘ afio, removal from one 
home to another), the wandering of species 
from one place to another, often in a periodic 
manner. See also Dispersal. 

Milk dentition, in Mammals, the first set of 
teeth. 

Milk molar, in Mammals, one of the cheek- 
teeth of the milk dentition. 

Mimicry, or Spurious warning, the resem- 
blance existing between certain innocuous 
forms and others exhibiting Warning colora- 
tion, &.C. (which see). The mimicking species 
share in the relative immunity enjoyed by the 
mimicked forms. 

Miners' anaemia, a dangerous intestinal dis- 
ease, caused by a palisadc-worm {DorAmius 
duodenalis). 

Molar, one of the permanent cheek-teeth of a 
Mammal, belonging to the hinder part of the 
series, and without a predecessor in the first 
set of teeth (milk teeth). 

Mongrel, a cross between two varieties or 
races of the same species. Mongrels are 
usually fertile. 

Morphology, (Gk. ntbrphe^ form ; a 

discourse), the study of form and structure. 

Morula (L. dim. of morum^ a mulberry), a 
solid and spherical variety of Blastula 
(which see). 

Mucous membrane, the soft membrane lining 
the digestive tube. 

Mule, a cross between Horse and Ass. 

Muscle: (i) the tissue which makes up flesh; 
(i) a definitely-shaped piece of flesh, con- 
cerned with some special movement or move- 
ments. 

Mutualism, or Symbiosis, the intimate associ- 
ation of two organisms as mutualists, for the 
benefit of both. 

Myrmecophilous (Gk. myrme.x^ -fkHs^ an ant ; 
philedt I love), of certain plants, protected 


by ants, which in return receive food and 
shelter. 

Nagana, Fly-sickness (which see). 

Natural selection, the survival of individuals 
which vary in favourable directions in rela- 
tion to their surroundings. 

Nauplius (Gk. NaupliifSy a son of Neptune), 
in lower Crustaceans, an ovoid unsegmented 
larva possessing only the three first pair of 
head-appendages, by means of which it 
swims. 

Nearctic region (Gk. new; arktSs^ the 

noi Ih), the northern p.Hrt of the New World. 

Nectar (Gk. n^kthr^ tlie drink of the gods), a 
sweet fluid produced by a nectary. 

Nectary, in plants, an organ secreting nectar. 

Neo-Lamarckism, a thcor) of evolution which 
postulates the existence of definite Laws of 
Growth. 

Neolithic period (Gk. new'; lithbs^ a 

stone), the later stages of the Slone Age. 

Neotropical region (Gk. new ; trdptktis^ 

n^l.iting to the tropics), Central and South 
America, with the West Indies. 

Nephridium, p!. -ia (dim. of Gk. n^phrUs^ a 
kidney), in many groups of animals, excre- 
tory tulx's by which nitrogenous waste is 
removed from the bodv. They place the 
Coelom (which see) in coinmunicatnin with 
the exterior. 

Nentic zone {tu^n/es, a sea-snaii), the shallow 
waters of the sea. 

Nerve -cell, the esscnli.il part of a Neuron 
(which sec). 

Nerve-fibre, the conducting thread into which 
a Neuron (w'hich see) is produced. 

Nerve-loop, in .Molluscs, part of the central 
nervous system which gives off nerves to the 
gills and viscera. 

Nerve-ring, in Annelids, Arthropods, Molluscs, 
&.C., part of the cenn.tl nervous system 
which surrounds the front portion of the gut. 

Nervure, one of the linear thickenings support- 
ing the wing of an insect. 

Nettling-cell, m Zoophytes (Cccicntcrata), a 
stinging capsule. 

Neural (Gk. ni^ur^n, a nerve), related to the 
central nervous system, or m the proximity 
of this. 

Neuron (Gk. for a nerve), a nerve-unit, con- 
sisting of a nerve-cell with its prolongiitions. 

Nictitating membrane, the translucent third 
eyelid of Birds, &c., which can be dr.iwn 
over the eye as a pioleclion. 

Nidicolx (L. nidus, a nest; mlo, I inhabit), 
in Birds, helpless nestlings. 

Nidi*i gae (L. nidus, a nest; /agio, I run 
away), in Birds, young which run about and 
feed themselves almost immediately after 
hatching. 

Nitrifying, used of bacteria, &c., which cause 
free nitrogen to enter into combination. 

Notochord (Gk. ndtHn, the back; chifrdf, a 
string), an elastic supporting-rod which 
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underlies the central nervous system of a 
Vertebrate embryo, and may persist throug'h- 
out life. Usually more or less replaced by 
the backbone, ot which it is the forerunner. 

Nuchal (L. nucha^ ncckl, relating- to the neck. 

Nucleus (L. for a kernel), a specialized par- 
ticle of protoplasm within a cell. 

Nymph, in Insects with incomplete metamor- 
phosis, the stage which hatches from the 
ejiffir- 

Oceanic island, an island that has never 
formed part of any existing continent. 

Ocellus, pi. -i, (L. for a little eye), in Arthro- 
pods, a small simple eye. 

Ocular (L. oculus^ an eye), bearing eyes, e.g-. 
the ocular plates in the apic.al disc of a 
sea-urchin. 

Odontophore (Gk. tk/ous, a tooth; 

ph^rds I bear), the rasping organ in the 
mouth-cavity of Snails, Cuttle-Fishes, &c. 
Oesophagus, the gullet. 

Omasum, in the stomach of Ruminants, the 
third compartment. 

Omnivorous, of mixed diet. 

Ontogeny (Gk. beings; ghinad^ I pro- 

duce), the development of individual animals. 

Operculum, pi. -a (L. for lid or cover): (i) the 
gill-covcr of a Fish; (j) the horny or shelly 
plate with which the opening of the shell 
can be closed in some Sea-snails; (3) in 
Scorpions, King-Crabs, &c., a plate on the 
under side of the body, immediately behind 
the last pair of legs ; (4) the plug with which 
some tube-dwelling Annelids can' close the 
openings of their tubes. 

Opisthobraneb (Gk. dpist/t?, behind; dranthta, 
gills), applied to Sca-Snaib with gills behind 
the heart. 

Oral (L. dSf the mouth), relating to the mouth. 

Oral papillae, in Perii)atus, a pair of stump- 
like limbs near the mouth, upon w’hich the 
slime-glands open. 

Orbit, the cavity of the skull in which the eye- 
ball is lodged. 

Organic selection, the co-opor.ition of Accom- 
modation and Adaptation (which see) in the 
production of new species. 

Oriental region, south Asia, with the adjacent 
j)art of the East Indies, the Philippines, and 
Formosa. 

Origin of a muscle, the end attached to a 
relatively fixed part. 

Osculum (L. for a little mouth), in Sponges, 
an opening by which cuirents of water leave 
the body. 

Osphradium, pi. -ia (dim. of Gk. hsphra, an 
odour), a sense-organ wKich probably tests 
the nature of the water entering the gill- 
cavity of aquatic Molluscs. 

Ossicle (L. dim. of 6s, a bone), a small ir- 
regular bone. Auditory ossicles, in drum of 
ear. 

Otocyst (Gk. ous, 6t6s, an ear; cystis, a 
bladder), a minute vesicle of sensory nature, 


containing one or more hard particles. Pro- 
bably a balancing organ. 

Otolith (Gk. ous, 6t6s, an car ; lithhs, a stone), 
a firm particle within an otocyst or internal 
auditory organ. 

Ovary, an organ producing egg-cells. 

Oviparous (L. ovwm, an egg ; parto, I produce), 

«Kff-laying. 

Ovipositor, in Insects, a piercing arrange- 
ment at the hinder end of the body in the 
female, for making holes in plants, &c., 
and introducing eggs into them. 

Ovule (L. dim. of ovum, an egg), in Flowering 
Plants, the small body which Incomes a seed 
alter the egg-cell it contains has been fer- 
tilized. 

Ovum, pi. -a (L. for an egg), an egg-cell, the 
earliest stage in the development of an 
embryo. 

Oyster-park, an enclosed area of shallow 
water in which oy.slers are grown. 

Pacinian corpuscle, a minute ovoid laminated 
body, connected with a sensory nerve, and 
probably having to do with the pressure- 
sense. 

Palzearctic region (Gk./>/7/a>Vtr, ancient; arkths, 
the north), the northern part of the old 
world. 

Palaeolithic period (Gk. palaids, ancient ; 
iithds, a stone), the earlier stages of the 
Stone Age. 

Palaeozoic epoch (Gk. palaids, ancient ; go6, 
hie), the most ancient geological era but one. 

Pallial line, in Bivalve Molluscs, a mark on 
the inner side of each valve, corresponding 
to the attachment of the mantle or pallium. 

Pallium (L. for a cloak). See Mantle. 

Palmatcd (L. palma, a hand), divided like a 
hand. 

Palp (L. palpo, I touch gently), a sensitive 
outgrowth, e.g. of some mouth-parts in 
Insects. Labial palp, on** of four sensitive 
triangular flaps adjoining the mouth of a 
Bivalve Mollusc. 

Pancreas (the Greek name), the sweet-bread. 
All abdominal gland, which pours its secre- 
tion (pancreatic juice) into the intestine. 

Pancreatic juice, the secretion of the pancreas. 
It acts upon albuminoids, starch, and fats. 

Papilla (L. for a nipple), a small projection. 

Parapod, or Parapodium, pi. -ia (Gk. para, 
by the side of; pans, p6d6s, a loot); (l) 
in Bristle- Worms’, one of the hollow' conical 
uiijuinted foot-stumps; (2) in some Sea-Slugs, 
a muscular flap arising far down on each 
side of the foot. 

Parasite (Gk. parasTt6s, a sycophant), an 
organism which lives on (ectoparasite) or in 
(endoparasite) a larger organism host ”), 
feeding on its juices, substance, or digested 
food. 

Parasitism (Gk. parasU6s, a sycophant), the 
assoc|^.tion of a parasite with a *‘host'', the 
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former preyingf upon the latter by feedinf; 
on its blood, &.C., or the food it has dig'ested. 

Parotid glands, the hiiidermost pair of sali- 
vary glands. 

Patella (the Latin name), the knee-pan 

Paunch. See Rumen. 

Pearl, in Mollust s, a disease prixluct, formed 
by deposit of cah'an ons Ia\cis round a 
foreign body, e.t;, a ilead parasite or a grain 
of s.ind. See also Ground-Pearl. 

Pecten (L. for a comb), a \ascular folded 
structure th.it projects into the eye of a Bird, 
behind tlie lens. 

Pectines (L. for combs), in Scorpions, a pair 
ol comb-shaped org.ins sitn.atid imnn di.iiely 
behind the opciculum (which see). 

Pectoral (L. pectus, pet /oris, the chest), ap- 
plied to structures, e.ir. ihc fore-limbs of i 
dog, connected with the chest or tlioi.ix. 

Pectoralis major, the gre.it nniscle of the 
bre.tst, by which the lore-limbs are drawn 
towaids one anollu'r. 

Pedicellaria, pi. -ik (dun. of I.. pedica. a 
trap), in Star-Fishes and Sea-lb chii.s, a 
junce. -like* spue' 

Pedipalp, in Sjoider-hkc annnals ( Ai.ichnida), 
one of thi si concl p.iir ol hi*ad-hinbs. 

Pelagic (dU. pt^laqikus. marine), living in the 
ofien sea, at or near the suif.ice. 

Pelagic zone, the surface walt'rs of the sea. 

Pelvic, appliv'd to slnu tines, the hinder 
I'.iir of lins in a sh.iik, connected w’lth the 
IVIvis (which see). 

Pelvis (L. pi'hi'i. a basin), applied to that p.'iit 
ot the skeleton to which the hlnd-linibs are 
attached. 

Pcmmican, sun-dried meal. 

Pentadactyle ((Ik. five; doktyllis. a 

finger or toe), jiossessing lice cligitN. 

Pepsin, an ;ilbiimcn-digcsting lirincnt con- 
t. lined in g.isti 11 jui< e. 

Peptic glands. Sec Gas/rir filands. 

Peptone, a soluble and diffusible form of 
albuininoid. It is produced by ibe action 
of g.istric jul« e ;ind jiancre.ilic juice upon 
the albuminous part of the Icxxl. 

Pericardial, relating to the peiicardium. 

Pericardium ((ik. pm. around; cardia. the 
heart), the cavity in which the heart is con- 
tainc'd. 

Peristaltic (the Orcek word), applied to the 
wave-likc conti .iclions of the intestines and 
(in lower foims) blood-vessels. 

Permanent dentition, the second .set of teeth 
in a Mammal. 

Persistent type, an .animal species or genus 
pcrscsting for a long period of geological 
time, without obvious modification. 

Petal (Gk. pHtalUn. a flower-leaf), one of the 
Inner set (coiolla) of investing flower-leaves. 

Phagocyte (Gk. phagein. to cat; cytHs. a 
small box, hence a cell), a colourless cor- 
puscle. 

Phalanges, sing. Phalanx (Gk. phalanx, a 


finger- or toe-bone), bones of fingers and 
toes. 

Pharyngeal, relating to the Pharynx (which 
see). 

Pharynx (the Greek name), that region of the 
digestive tube which follows the mouth- 
cavity. 

Phylogeny (Gk. phyliin. a tribe; g^nnntf, I 
produce), the evolutioihiry history ot animals. 

Phylum, -a (Gk. phyliin. a race or trib<*), one 
of the mam sul)diMsif>ns of the animal king- 
dom, e.g. Vcrtcbrala, Mollusca, Protozoa. 

Physiological selection, the theory th.-it the 
isolation ncccss.irj for the origin of new 
species is due to pnitinl or complete sterility 
of varying forms with the parent stock. 

Physiology (Gk. phyits. nature; a dis- 

course), the study of the uses or functions 
ot the parts (org.ins) of pl.tiils and animals. 
It was formerly used in a mut h w'idcr sense. 

Pilidium, pi. -a (tik. pihddm. a little cap), in 
some Nemcitine worms, a ciliated larv'a 
tcseinbling a cap or helmet with rounded 
sidi'-flaj)'-. 

Pineal body, a problematic structure con- 
nected with the roof ot the br.ain in VY*rte- 
br.'ites, .and probably re|>resenting the re- 
mains of a Pineal t*\e (which see). 

Pineal eye, an unp;iircd dorsal eye present in 
some Kejililes. See 2*meal body. 

Pinna, the e.ir-tlaj) of a M.immul. 

I Pinnule (dim. of I.. pinna, a fctither), in 
Feather-stars, one of the srn.'ill branches of 
I the ten ai ms. 

Pisciculture (L. pisas. a fish), the artificial 
I culture of Fisin's, c.}>. carp in ponds. 

I Pisiform bone (L. pisuni. a pea), a small 
I rounded bone ]>m suit in the carpus of some 
I animals, exlein.il to the uliiarc (which see). 

1 Pistil (L. p-istiUuf't pestle), the central part 
ot ;i flower, in wh'^ h seciK aie produced. 

Pituitary body, .. problematic structure 
attached to the nneier sid.e ol the brain in a 
Vertebrate. Possibl) ihc vestige of a sense 
organ (cp. Pin nl body^. 

Placoid (Gk. pUtkou^. .a cake; eidtis. appear- 
ance), used of the th^k rounded bony scales 
of Sharks and Rays. 

Placula (Gk. dim. of plakous. a flat cake), a 
plaie-sh.aped Blastula (which sec). 

Plankton (Gk. plankfos. wandering), the float- 
ing and drifting population ot the sea and 
lakes. 

Plantigiade (L. plan/a. the sole of the foot; 
gradtor, I w.ilk), w,alking upon the palms of 
the hands and soles of the feet. 

Planula (L. dim. of planus, a vagrant), in 
Sponges and Zoophytes, an ovoid ciliated 
larva. 

Plasma (Gk. plasma, that w'hich has been 
formed), the fleld part of the blood and 
lymph. See also Corpuscles. 

Plastron, (Fr. for a breastplate), the under 
part of the exoskeleton in a Tortoise or 
Turtle. 
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Ploughshare -bone: (i) in Birds, the bone 
which supports the tail-quilLs ; (2) in the 
Mole, a flat curved bone on the inner side 
ot'the hand. 

Pluteus, pi. -ei (L. fora roof made of hurdles), 
in Brittle-Stais and Sea-Urchins, the bi- 
lateral lar\a, which is proxided with pairs of 
ciliated arms, and supported by an internal 
calcareous skeleton. 

Pneumatic duct, in Fishes, a tube which 
(temporarily or pennaiieiilly) connects the 
swim-bladcfcr with the g-ullet. 

Polar bodies, in the maturation of the eg'j*’- 
cell (u\um), two small tells resulting- from 
the last two cell-divisions. 

Pollen (L. for fine flour), in flowers, the 
fi'rlilizing substance produced by the 
.stamens, and consisting of minute pollen- 
grains. 

Pollen-tube, a delicate tube growing from a 
pollen-grain, and efTccting the fertilization 
of the egg-cell. 

Pollination, in flo\\»*rs, transfer of pollen to 
the stigma. 

Pollinium, pi. -ia, an agglutinated mass of 
pollen. 

Polype, in Zoophjtes (Coclentcrata), an in- 
di\idual animal. 

Portal veins, veins which carry impure blood 
to the li\er (hepatic portal vein) or to the 
kidneys (renal portal veins). 

Post -axial, behind the axis of a limb. I 

Posterior nares, the opening or openings by 
which in air-brcathingVertebratcsthe cavities 
of the nose open into the mouth-cavity or 
pharynx. 

Pre-axial, in front of the axis of a limb. 

Precoracoid, a skeletal clement present in 
front of the coracoid in some animals. 

Preformation, the* obsolete theory that the 
development of an animcal results from simple 
increase in size of parts already present in 
miniature. 

Prehensile (L. prehensoy I seize), grasping. 

Premolar, one of the permanent cheek-teeth of 
a Mammal, belonging to the front part of ' 
the series, and often preccdeil by a Milk 
molar (which see). 

Primary, inherited from remote .ancestors. 

Proboscis (the fireek name), an elongated 
structure at the front end of certain animals, 
t.g. the trunk of an elephant or the sucking 
mouth-parts of butterfly. 

Process, a projecting part, e.j^. of a hone. 

Proccelous (Gk. prt%y in front ; kotlfis^ hollow), 
applied to vertebrae of which 4 hc bodies are 
concave in front and convex behind. 

Producteur, a French oyster-culturalist con- 
cerned with production. 

Production, in French o>stcr-culture, the col- 
lection and rearing of spat. 

Proglottis, pi. -ides {(ik. progliis^tSy the tip of 
the longue), in Tape-W orms, one of the egg- 
producing joints of the body. 


Pro-legs, in Insect-larv'ae, temporary sucker- 
likc legs. 

Pronation (L. pronusy prone), position of the 
fore-arm when back of hand is directed up- 
w'ards. 

Prosobranch (Gk. pri%-y in front of ; hranr/iiay 
gills), applied to Sea-snail.s with gill or gills 
in front of the heart. 

Prostomium (Gk. prd^y before; s/dwoy a 
mouth), the head-lobe. 

Proteids. See Albuminoids, 

Protocercal (Gk. protlis, first ; k^rkliSy tail), 
applied to the symmetrical unlobed tail of 
some fishes. 

Protoplasm ((Jk. protdSy first; plasma, that 
which h.'is been formed), the complex sub- 
st.^nce w'hich makes up the living p.art of the 
bodies of all organisms. 

Proventriculus ((ik. prli-, in front of; L. 7 >r«- 
tncnlus, the stomach), the first or chemicaJi 
stomach of a Bird. 

Proximal, at or near the attached end. 

Psalter. See Omasum. 

Pseudobranch (Gk. pseudr^, false; hranrhia, 
gills), a gill which ha‘ been reduced to a 
Vestige (which see). 

Pseudopodium, pi. -la ((ik. p^emirs, false; 
p<tus, ptuliis, cl foot), 111 naked .A.nim.ileules, 
one of the blunt lobes winch can be pro- 
truded by the protoplasm. 

Psychology (Gk. psyrhc, (he mind; U>g^s, a 
discourse), the .stutly of mind. 

Pteryla, pi. -ae ((ik. pterDn, a plume), a 
feather-covered tract of skin. 

Pubis, the ventral and antcnof^lement ol ihe 
hip-girdle. 

Pulmonary (L. pulmoy a lung), relating to the 
lungs. 

Pulvillus, pi. -i (L. pulvillus, a little pillow), 
in the feet of some Insects, an adhesive 
end-flap. 

Pupa (L. for a doll), in Insects, a motionless 
stage in the life-hislory'. 

Pupil (L. papilla, same meaning), the opening 
in the Iris (w'hicli see). 

Pygal (Gk. Pyg^y the rump), related to the 
hinder part of the body. 

Pyloric, applied to that end of the stomach 
which adjoins the intestine. See Pylorus. 

Pylorus (Gk. pylaortls, having charge of a 
gate), tnc opening between stomach and 
inli'stine. 

Quadrate bone and Quadrate cartilage, a 
bone (or cartihage) by which the lower jaw 
attached to the .skull in most V^crlebrates 
except Mammals. 

I Quarter-evil. See Anthrax. 

I Rachis ((ik. rhachxsy the backbone), the axis 
of a fe.atlnT. 

Radial, m radially symmetrical animal.s, relat- 
ing to a radius. 

Radialc, a proximal element in (he carpus, 
situated on the side next the thumb. 
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Radial symmetry. See Symmetry. 

Radius: (1) (L. radittSy a ray), 111 radially sym- 
metncal animals, one of the axes ot sym- 
metry which radiate Irom a central p*)int, as 
the spokes of a wheel do from the hub; (i) 
(the Latin meaninff), the bone of the fore- 
arm which is on the thumb-side. 

Radula (L. radulay a sciaper), the horny 
tooth-studded ribbon that constitutes the 
rasping part of the Odontopliore (which 
see). 

Raphides (Gk. rhaphiSy -ititisy a needle;, in 
plants, bundles of needle-shaped crystals of 
oxalate of iime. 

Ratite (L. rates, a raft): (1) shaped like a raft, 
t.e. devoid of a kecl-like piojection; (2) ap- 
plied to limning birds, in which the bi east- 
bone IS so shaped. 

Recapitulation, repetition of ancestial statfcs 
111 the life-hisLor\ . 

Recognition-markings, in Birds and Mam- 
mals, colonr-.ir rangements which aul in 
rapid recognition by members of the* s.mie 
species. 

Rectrice« fL. for female rulers), quill-toailiers 
of thw lau I 

Redia, pi. -ae (after the Italian nntuialisl 1 
A*rdr), in Hukes, a cylindrical sta;<e in the 
life-history, produced by the Spoi oeyst (w hu h I 

SlM ). ! 

Reed. See Abomasum. I 

Regeneration, the powrr of -epairing injuries, j 

Rejuvenescence (L. rejuvenescoy I become 
young again), the invigoration produced b> 
nuclear fusion. See Fertilization. 

Remiges (I-. lor rowers), quill-featbers ot the 
wing. 

Rennet stomach. See Abomasum. 

Kennin, a. milk-curdling ferment contained in 
gastric juice. 

Resemblance, General, a harmoni/ing with 
surroundings producing inconspicuousness. ! 
It m.iy be protcctixe, aggressive, 01 both. * 
When cap.'ible of adjustment it is s.aid to be I 
vtirtahle. , 

RescmbLince, Special, a resemblance to some 
specific object m the surroundings, by which 
inconspicuousness is produced. It max be 
protective, aggressive, or both. When 
capable of adju.stmcnt it is said to be 
XHxnahle. 

Reticulum (L. for a little net), in the stom.ich 
of Ruminants, the second compaitment. 

Retina (L. retey a net), the .sensitive internal 
layer of the eye. 

Retinaculum (L. for a rope or bond), in 
Moths, a tuft of scales or flap on the posterior 
part of the forc-xvmg. The Frenulum (which 
see) interlocks with it. 

Retractile (L. rctrartum, drawn back), ca- 
pable of being drawn back. 

Reversion, the appearance of characters un- 
like those of the preceding generation, but 
resembling those of remoter ancestors. 

Rhabdites (Gk. fhabdHsy a rod), in Planarian 


Woims (Turbellaria), microscopic rods dis- 
charged liom the skin as a means of defence 
and probably of iriitaiit nature. 

Rhopalion, pi. -a (Gk. rh 6 palfiny a club), in 
some Jcllx -fishes, a specialized club-shaped 
teiil.u Ic bcaiing vanous stuise-org.ms. 

Rods and Cones, the sensitive cells of the eye 
m Vort< br.ites. 

Rostellum (L. lor little beak), a sticky knob 
cmiiictled with the pollinia of an orchid. 

Rudimentary organ. .See Vestige. 

Rumen (L. rumxnatioy chewing the cud), in the 
stomach ot Ri.inm.ints, the first comparl- 
menl. 

Rumination {!.. riinnnatio), chewing the cud. 

Sacrum, m the backljone, the jiart connected 
With the suppoits (liip-girdles) o( the hind- 
limbs. 

Saliva (the Latin n.nnc), spittle. 

Salivary gland, a glrind whith .secretes or 
elaboiatt's saliva (spilth ). 

Scaly epithelium, ipitlielium composed of flat 
rells. 

Scapula (the Latin name), the shoulder-blade. 

Sclerotic (Gk. sl/enls, h.'iid), the tough exter- 
M.il Kiat of the oyeb.'dl. 

Sebaceous (L. udjuniy grease), of ;i greasy' or 
oilv n.iture. 

Secondary: (1) aecjuired within the limits of a 
group, (2) replaung some earlier struetuic. 

Segmentation: (i) the division of the adult 
body into sun t ssivc rings, segments, or 
somites; (2) the early stages ot division in 
the egg-( ell. 

Self-fertilization, fertilization of an egg-cell 
bv p sperm (or its equivalent) derived tiom 
the same Oiganism. 

Self-pollination, transfer of pollen to the 
stigma of a flower from its own stamens. 

Scmi-plantigrade, 'vith p.'ilms and soles partly 
resting on the gr »iinrl. 

Sepal (Gk. sii*pi% a • overing), one of the outer 
si*t (c.'ilyx) of investing flovvt r-leavc s. 

Sessile (L. i'cs'A' Vs, silting), without a stalk. 

Seta, pi. -ae (the Latin name), a bristle. 

Shagieen, the skins of certain Sharks and 
Dog - Fishes, containing numerous hard 
si .lies. 

Shell-cameos, carvings made on certain shells 
which are composed of differently coloured 
layers. 

Shell-gland, in lower Crustaceans, one of a 
pair of exrreloiy' organs removing nitrogen- 
ous vva.ste from the body. They open at the 
bases of the third j-avv.s '(2nd maxillae). 

Shell-muscle, the musch by which a snail is 
attached to its shell. 

Shoulder- girdle, .skeleton of shoulder. 

Side-gill, in Cnist.aceans, a g»ll attached to 
the side of the body. 

Signalling coloration, conspicuous palch<‘s of 
colour, e.g. the white tail of a Rabbit, dis- 
played during rapid movnuciit. The ap- 
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proach of danger is thus communicated to 
other mcMnbers of the community. 

Simple epithelium, epithelium only one cell 
thick. 

Sinupalliate (L. sinuXf a bay), in Bivalve 
MoIIums, with a posterior indentation in the 
pallial line, caused by the altaehnient of a 
muscle tor drauing back the siphons. 

Siphon (L. si/>ho, a siphon), in aquatic Mol- 
hiscf, tubular proluiii^fation ot the mantle 
In which water enters (inhaleiu siphon) or 
lea\cs (exhalent siphon) the gill-chainbcr. 

Siphuncle (L. siphunmlus^ .a small pipe), in 
the Tearly Nautilus and many extinct Cc- 
plvilopods, a sort of lube that runs through 
the chambers ol the shell. 

Society, .an association of gregarious animals. 

Soma ((ik. tor bod\), the bod\ of an animal 
exclusne ot the geim-eells. 

Somatic variation, \arialion of the soma 
(which seel. 

Spat, the tree-swimming larx.-u or fry of Oy- 
sters. Mussels, &c. 

Special creation, applied to the almost otiso- 
kte view th.it all speeies kinds of org.inisni 

h<i\ c been independently cre.ile J. See Ex-olu- 
tion. 

Sperm (Ok. seed), a small and usually 

uuitili- prop.ii^alive etll, whnh fertilizes an 
e)»g-cell (u%um) by fusing with it. 

Spermaceti, in the Sperm-Whale, liquid fat 
eoMtain«<l in .i deep depression on the upper 
side ot the skull. 

Spermary, an organ producing sperms. 

Spicule, (L. ^puulum, a sharp |)<iini), <n some 
Zooph\ tes (('ivlenlerata), Spimvics, and .\ni- 
malrulcs (Protozoa I, an eh'iiu nt ot the 
skeleton, ot varied shap«' antli hemic. il eoin- 
posilion. 

Spinal cord, or Spinal marrow, .i e^hndneal 
lu I \e-i'i uss, constituting the himler p.iit of 
the iiiili.il nervous svsteni in a vertebrate 
amin.il. 

Spinal nerve, a nerve t.akmg origin m the 
spin.'il loid 

Spinnerets, in Spidi rs, small rounded projoc- 
lions on ihe undei side of the abdomen, on 
■whit h tin- silk glands opm. 

Spiracle, (L. \pl}o^ I brcilln ): |i) Ihe exlcrn.al 
opining of the S[Mrni nl.ir ritft (whirh si*e); 
(z) the blow-hole (nostril) ot .a wh.'ile. 

Spiracular cleft, the front gill-ileft of some 
Fishes {c.g. Sharks), whu h is losing or j 
beginning to lose its oii^inal tunction. 

Spleen (the (Ireek natm ), a l.irgc abdominal 
(JiK fless glanil in Wilebr.Ttes, of doubtful 
function. Jt is richly firovided with blood- 
vessels. 

Splenic fever. See Anthrax. 

Splint-bones, in the Horse, fkc , the dwindled 
remains of znd and 4th metaeaipal- or meta- 
tarsals. 

Spore (L. spiira^ seed), in some Anim.alculcs, 
one of the minute parts into which the body 


bre.'vks up during vegetative propagation of 
a particular kind. 

Spore -formation, in some Animalcules, vege- 
tative propagation by means ol spores. 

Sporocyst ((ik. spi^ra, seed ; cysfts, a bladder), 
in Flukes, a shapeless b.vg-hke stage in the 
litc-history. 

Sporoduct, in some Greg.arinis, one of the 
tubes by vV'hich the spores pass out ot the 
firm case (cyst) in whi< h they are produied. 

Sporosac (Cik. sptiru^ seid), in Zoophytes, a 
degenerate Gonophore (which sec). 

Staggers, in Sheep, .a discasi' due to the 
pieseiioe of tape-worm evsts on the bi.im. 

Stamen (Gk. stf'mon, a Ihiead), ;i slender 
modified flower-le.if, which [irodiiees polleii. 

Statoblast (Gk. resting; bhixttjs, .) bud), 

in Ircsh-w.iter Moss-Polv pes, an inieiiially 
formed winter-bud. 

Sternal: (1) in VYutebiatcs, relating to the 
bre.ist-bone or steiiium; (z) m Arthropods, 
ne.ir the sternal or undei sidi of the bodN. 

Sternum, pi. -a (Gk. n/iVx/Ji:, the bre.ist or 
bre.isi-bom‘): (1) m \'ertebr.ites, the hte.isl- 
bo'ie; (z) in Arthroj^ods, ih.il pait o( I lie 
exoskelelon covei mg Ihe ventral sutI.uc of 
a segment. 

Stigma, pi. -ata (Gk. for a mark): (1) the 
opening of.xii air-lube in Inserts A^c. ; (zl iii 
Plants, the receptive surl.ace ti which poll* n- 
gtaiiis .'idhere. 

Stimulus, pi. -i (L. for an ox-go.ol), ,iny 
pin sie.il i>r cheime.il ag'-nl by winch a sense- 
organ is tin own into .Kfiviry. 

Sting, a pieri mg w eapi^ th.tt inlhcls :i fV)i- 
soiied wound. I'he naiiif is rot .ipjiluil *0 
p.irts loniii'tleil with the nn>iith, sueti »s the 
poison-t.iugs of a 

Stipes (I.. for .a biMtu li, ot stump), m Insicts, 
the SI i ond joint ol th< s< rond j iw. 

Stratified: (1) of epitlu-lmm, more tlmn one 
nil thick; (z) ofroik'-, aii.ingidm laws. 

Stratum, pi, -a ( 1 .. for jiavt ment), a l.'verof 
ro« k. 

Struggle for existence, .1 mei.iphoni.il w.av 
of ivpiissing tin- siMruoiis nature ol Ac- 
comiiiod.itn^n (whn li sei*). 

Sturdy. See S/agif, r?. 

Subclavius, m Buds, the muscle vvhiih r.nses 
the wing. 

Sublingual glands, a pair of saiivaiy glands 
sitii.ilid under tin- longvie. 

Submaxillary glands, a p.iirof salixarv glands 
sitn.iteil Ik Iwci n Ihe h.dvi s ot thelown j.iw. 

Submenlum (I,. s«/j,imder' the « Inn), 

in InsM ts, the basal pait ol the lower liji. 

Supination (L. supiuus^ l>>ng on the bai k), 
position ot fori. inn wlieii )iS(lm ot hand is 
directed upwards. 

Supra -scapula, a skeletal element present 
,ibovc the scapula m some uminals. 

Sur-royal, the faiith branch of a Red i^eer 5 
antler (counting from its bas*-). 

Survival of the fittest. See .Watural selection. 
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Swim -bladder, or Air-bladder, a §ras-contain- 
ing- outjfrowth from the digestive tube of 
some Fishes, which serves as a hydrostatic 
organ. 

Symbiosis (Gk. together ; bidsu^ life). See 
Mutualism, 

Symmetry (the Greek name), regularity of build. 
In Radial S\ mnietry the parts of the body are 
arranged with reference to a centre of sym- 
metry, e.g. in a coral polype. In Bilateral 
Symmetry, as seen, in a Fish, we can 
distinguish right and left sides, anterior and 
posterior ends, upper and lower surfaces. 

Sympathetic nervous system, a part of the 
ncivous system concerned with the regula- 
tion of the blood-vessels and intci nal org.ins. 

Syndactylous (Gk. syn^ together; dahtyltis^ a 
finger or toe), with some of the digits bound 
closely together. 

Syrinx ((ik. for reed-pipe), the vocal organ or 
voiLO-box of a Bird, situated where the wind- 
pipe divides into a branch [bronchus) lore.irh 
lung. 

Systemic, applied to a heart which < ontains 
pur'* HI • ' .nly. 

Tail-coverts feathers cg\ering the tail-quills. 

Tarsale, pi. -ia, one of the distal elem< nts of 
the taisus. 

Tarso-metatarsus. a bone in the leg of a Bi^d, 
fornn d by the fusion of p.iil of the ankle- 
skeleton (tarsus) with three of the instep- 
bones (mei.itai sus). 

Tarsus (Gk. tan^s, the broadest part of the 
lowt); (1) in V’ertebrates, the skeleton of the 
ankle; [1) in Inserts, the foot. 

Teeth: (1) in Vertebrates, hard sti uttures us4'd 
Ihi Stinting pie\, or lor bre.iking up tu<»d, 
(2) haul pi ejections AMih whuh the i.idula 
(whu h see) of Mollusts is stiuldeil ; (3) small 
projections usually piesenl in the “hinge 
of a bi\ live shell: they tit into cornspond- 
ing sot kets, and pievent shifting wlun the 
shell opens or closes. 

Telson (Gk. for a termination), in higher 
Cl ust.ueaiis, the l.ist segment of the abilo- 
nn n. It be.irs no limb.s, and is iJic niuldk 
p.irt of the tail-hn. 

Tendon, .a fibrous inelastic band by >vhich a 
muscle IS .ittacheil to a part of a skeleton. 

Tensor muscles (L. tctulo, tentum^ tcnsuni, to 
.stretch), in Birds, nni.sclcs which keep the 
wing-membranes on the stretch. 

Tentacle (I., tento, I feel) a soft feeler, r.g. 
one of the “ horns " of a Snail, or one of the 
numerous fleshy filaments suriounding the 
mouth-end of a Sca-Aiu*mone. 

Tcntaculocyst (tentacle; Gk.o'J/w, a bladder), 
in some Jelly-Fishes, a short specialized ten- 
tacle serving as a bal.incing oigan. 

Tergum, pi. -a (L. for the back), in Artnro- 
pods, that part of the cxoskeleton covering 
the dorsal surface of a segment. 

Test (L. testa, a shell), the firm investment of 
Asoidians, Kchinoderms, and some other 
lo\s^:i animals. 


Tetradactyle(Gk. tetra, four; daktyUs, a finger 
or toe), pos.scssing four digit.s. 

Thoracic duct, a narrow tube lying imme- 
diately ventral to the backbone. It receives 
most of the lymphatics, and oi>cns into the 
great veins at the base of the neck. 

Thread-cell, See N ettling^celL 

Thymus gland (Gk. thymiis, the heart), a 
fatty - looking ductless gland situated (in 
Mammals) near the base of the heart. 

Thyroid gland (Gk. thyreiis, a shield; eidds^ 
roseinblance), a ductless gland in the neck- 
region, h.'iving something to do W'ith regu- 
lating the nutrition of the body. 

Tibia (the Latin iviinc for(i)): (i) the shin-bone 
of Vertebrates; (2) th.it region of the leg in 
Insects, &c., which adjoins the foot. 

Tibiale, in the tarsus, a proximal element situ- 
ated on the side next the great toe. 

Tibio-tarsus, itfiiBirds, a bone formed by fusion 
of the shin-bone (tibia) with part of the ankle- 
skclcton (tarsus). 

Tissue, an aggregate of cells .specialized for 
the performantc of .some paiticul.ir kind of 
phy siological work. 

Tornaria, pi. -se (Gk. fftrnlio, I make round), 
the ciliated lar\’H of .some sjx-cies of acorn- 
headed worm. 

Tortoise-shell, an ornamental product pre- 
p.ireil from the horny epid' rmic pkites of 
CLitain Tin tics. 

Trachea (Gk. traihchaios, relating to the 
ncek), the \\md-pipe. 

Tracheae. See Trai heal tubes. 

Tracheal gill, in some aipi.itir Inst^cts, a giU 
tiaxersed by air-tubcs {trachea'). 

Tracheal tubes, the air-tubes of air-breathing 
Arihropuils. 

Tragus, a polntid projection (“earlct ”) within 
the car of .1 true ]>at 

Trepang, dried Se.i-Giu umbers, an important 
.irticle of food m the Far East. 

Trez-tine. .See Autler-myal. 

Trichinosis, a dise.ise due to the .attacks of 
minute tlnc.id worms (Trit'lnna?). 

Tricnocysts ((ik. thrix, frichtis, .a hair; cystis, 
a bladder), in some Animalcules, micro- 
scopic rods disrh.irged from the outer layer 
of the both’ as a nu.iiis of defence, and pro- 
bably of irnt.int n.ilure. 

Tridactylc ((ik. iri, three; dakfylos, a finger 
or toe), possessing three digits. 

Triploblastic (Gk. trtplUbs, threefold; blastbs, 
a bud), applied to animals in which the body 
essentially consists of three cellular layers. 

Trochanter (Gk. for a process of the thigh- 
bom*), in Insects, the small second joint of 
the leg. 

Trochosphere (Gk. t^Hehtis, a wheel ; sphatra, 
a sphere), in various Invertebrates, a bilateral 
o\oid l.fva, with a well-marked head-lolx*, at 
the base of which is a circlet of large cilia. 

Tubercle, a rounded projection, e.g. on the 
crown of a tooth. 
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Tuberculated, possessing* tubercles. 

Tympanic (L. tymf*a»umy a drum), connected 
with the drum of the ear in air-breathicig 
Mammals. 

Tympanum (L. tympanum^ a drum): (i) the 
drum of the car; ( ’) the cavity of the song* 
box (syrinx) of a bird. 

Ulna (L. for the elbow), the bone of the fore- 
arm which is on the little Huger side. 

Ulnare, a proximal t lement of the carpus, 
situated on the side next the little finder. 
Umbo (L. umboy the boss ot a shield), the pro- 

{ 'eel mg beak rommonly |x>ssessed by each 
lalf of .1 bivalve shell, and \^hlcll is the 
oldest part. 

Uncinate (L. uncinaluSy hooked), hook-likc. 
Unidactyle (L. !<«//>, one; daktylH^, a finj;er 
or toe), possessing one digit. 

Univalve, appind to the slu ll of a Mollusc, 
when made up ofonlv oiu* piece oi v.iKc, as. 
Ill .i Snail. 

Ureter, a tube by which the mine is carried 
olF from a kidnc} . 

Urostyle (Gk, ounty a tail; a pillar), 

the boil} nxi w hich forms the hinder part ot 
a Frog's backbone. 

Vacuole (L. dim. of vantum, an empty space), 
in cells, a small spare tilled with liijuid or 
gas. Pulsating v.nuole, m Animalcules, ;i 
vacuole which alieiiiately empties and fills 
in a regular ni.iniier. 

Vagus nerves (L. tvignf, wwindcnng), the 
tenth pair of cranial nerves, which run back 
into the abdominal region. 

Valve (L. viih^n, a fold mg- door); (i) .an ar- 
rangement of one or more projecting flaps by 
means of which lood in the gut, blood in the 
heart, &.C., are obligid to move forward; 
( 2 ) a di<linct piece of shell. See Bivalve 
and Univalve. 

Vane, the projecting flat part of a feather. 
Variable aggressive coloration, in predaceous 
forms, coloration which rliaiiges with the 
surroundings so as to produce inconspicuous- 
ncss. 

Variation, the appearance of m-w character*- 
with the result that no two individuals of the 
.same species are exactly alike. 

Vegetative propagation, increase by methods 
other than egg- product ion, e.g by Gem- 
mation, Fission, and Spore -formation 
(which .see). 

Vein, a blood-vessel which carries blood to or 
towards the heart. 

Veliger (L. velunty a i^il; gero, 1 carry), in 
Molluscs, a shell-bearing larva with a large 
ciliated head-flap by means of which sw’im- 
ming is effected. 

Velum (L. for sail or veil), in some Jelly-fishes, 
an inwardly projecting shelf at the edge of 
the umbrella. 

Ventral (L. for the belly), applied to the under 
side of an animal. 


Ventricle (the Latin name), a relatively thick- 
walled and muscular heart-chamber, whirl 
pumps blood into arteries. 

Vertebra, pi. vertebrae (the Latin name), one 
of the joints of the backbone. 

Vertebral column', the backbone, or (in some 
Fishes) Its gristly equivalent. 

Vertebrate, applied to animals possessing a 
backbone or its equivalent. 

Vestige, or Rudimentary organ, a structure 
which has undergone reduction, iis the result 
of adaptation to surroundings. 

Vestigial, reduced to a V’eslige (which sec). 

Visceral, relating to the viscL'ra. Sec Visais. 

Visceral arches and clefts, thickenings and 
slit-likc openings on each side of the throat, 
which are possessed by every Vertebrate for 
at least part of its life. The clefts place the 
pharynx in comimimcation with the exterior. 

Visceral hump, t)ie projecting upper part of 
maiiv Molluscs, containing many ot the chief 
internal organs. 

Viscus, pi. -era, one of the iiitcinul organs 
cont.'iined in the chest or abdomen. 

Vitelline membrane, the membraiu* surroimd- 
ing an egg-cell. 

Viviparous (L. vivusy alive; parwy 1 produie), 
giMiig birth to mole or less well-developed 
young, .IS opposed to t‘gg-la> mg. 

Vocal chords, in M.iinmals, A:c. ; two elastic 
folds in the voM'e-bnx. A sound is emitted 
W'heii their edges are brought parallel and 
thrown into vibration by an air-currenl. 

Wallace’s Line, the 4ipundarv between the 
Oriental and Australian ri'gious. 

Wampum, the shell-money and ornaments of 
North American Indians. 

Warbles, swellings on the backs ol cattle, 
caused by' the presem c of larval bot flp's. 

Warning coloration, crutle colours and pat- 
terns possessed by many inedible or well- 
aimcd forms, and producing conspicuous- 
ness. By .'idvertising unpleasant properties 
it reduces the chance ot attricks by enemies. 
Some forms are also protected by emitting 
warning sounds, or assuming warning (or 
terrifying) attitudes. 

Water -vascular system, in Echinoderms, 
a system of tubes mto which sea- water 
enters. It is concerned with locomotion and 
respiration. 

White matter, that part of tlic central nervous 
system made up of nerve-fibres. 

Wing covexts, feathers covering the wmg- 
quills. 

Zebra-mule, a cross between Zebra and 
Horse. 

Zoeea, pi. -at (Gk. zvia, life), in higher 
Crustaceans, a large -headed larva, swim- 
ming by Its toot-j.iws, and possessing a limb- 
less abdomen. 

Zobgeography (Gk. zoiin, an animal), distri- 
bution of animals in space. 
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Zooid, m Moss- Polypes, one of the indiMtiunK 
ol .1 V <j]oin 

Zoolofty ((ik zofin, an aidtn.il), the s( itnre 
(lealirn* with ininiils 

Zouphilous ((»k £uffn^ an amnnl, phiUo^ I 
lo\i ) ot How t IS, pollin ilLtl b) iiiirn ils 

Zoophyte ((ik zoiin, an aniniil, phvtoH, <i 
pi lilt), a popuUi and rather word 


apphtd to various f olonial lowii animals, 
/ ^ 111 in V t or.ds, wlmh weie at onu time 

H ^ ird* d as iriti i nu di lU Ixtwi i n plants and 
inim ils 

Zygodactvlous (tjk \ ^okc dait^los, 

1 ti ) )f tnc tfit of some climbini, Hnds, 
\Mtli Miiiid iiid thud toi s (urmd to the 
(r< 111 nd liisl ina loinlh diuvtid back- 
waid^i 
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villust 

— hniulc&t, I 245, *^5 2s 6 S«*e aUo 
C<rulians 

— Ui ed, 1 245 *49 bee also Newts 
and 'salamanders 

- uilIcHs I 24s 243 . s See also 
Fr gs and 1 ads 

AmphldaslB betularla 112 3 734 
AmpbidotuB cordatoa. 1 1 ^s? 
Amphineura, 1 311 j3J 34 > ni 104, 

4<4 4 Jj 

AmphlOXUS, I 6 1, 29j-. 77 u 344 24s, 
382, 309 111 8 40 214 21s, 34 2, 344- 

344 IV 46 

— lanceolatus, i 233 297 See also 
Ltncriec 

Ampbipoda, ■ 414 415 ii'nst u 
142-143, 2 . 404 40 111 1-4 17s 

Amphlabsetxa iniigioosi h ■•t m 

^landrd u 76, I309 

spotted II 76 [aio 

AmpblBbsenldsB n 3^9 4 ''s >>> 309- 1 
Amphluxna means i .48 m 48, 

4 1 Im 355 

Amphiura squamata 1455 iiiusi) 
Ampulla ipl Ampulla 1 453. 457. 

III 91 /3 

AmpuUarla, u 83, 460. 4ri 
Anabas scandens, n 451 432 m 
Anableps, iv 47 48 C116, 272 

Anacanthinl i ^71 -78 ^So 
Anaconda, 1 232 (iiiust n 79 m 53 

IV 318 139 

Anal fin lof Fishes], i 257, 266 271, 
273 278, 290, 295 (214 

Awla anal shields of the lortoise], i 

Anarrhlohaa lupua. > ^75 » 86 
Anas boMhaa. 1 <76, n 65, m 58, iv 

347 348 

Anchovy, iv 365 (iUusl) 

Anemonla, 1 474 iiHust ) 

Angel-Fish. i j 8^ 387 Must ) 

Angler deep sen, ii 8s 86 ilfnst 
Angler-Fish 1 274 II 84 85 llllist j 
IU IIS (21 

AngulUnIa aoett i 448 u 222 m 

— vutsans, 1 28-, 11 447 448 111 214, 

433-434 ‘V *28, 274 

Asgula fkaglllB, 1 333 » 76, 371 

Ul 111, 446 


Animalcules 1 304 487-499 ]. 

II 163, 266-270, 272-274 341, 36i-} 62, 
416-419 111 2, I, 5 0 ^illusi ), 8-9, 
88 89, 231 317 32s. 333 33s IV 40 
(illust . 49 76 77, 99 loi (illust \ 
206-207. (41 J44. 393 449 453. 454- 
455 458. 404 
extinct IV 458 

Animal products 

— as inedieiiial tgents i 318-321 
iniscelianeoub tv 3 2 325 

Animals, 1 4 

l 1 i>kS names of i 7 S 

— gcnciK. iMincs of 1 0 j 

relations Ik tween plants and, iv 64- 

yS (illust 

sprrih ii^mes of 1 9 
study oi 1417 
Ankle. aiiifhiLians 1253 
birds, I 14s 14O III 1 ( 
m iniinals 1 24 32 iii 190 2S4 256 
- reptiles i 199 ( illust 

Annandale. n 118 304, 306, 315 m 

52 178 17) 

Annelida (set alsoHnstlc Wot ms an 1 
Letches), 1 304 ^25 413 11 146 14^ 
257 2S9 38 tjfi 3 3 3 <»-i6i 374 1 

375. 38. 408 410 444 44i 111 7 5 

22 2), 97 93 220-230 1*9-330, 3s 5 
jOi IV - 10 12, 25 20 44, 43 44 
45 75 tifi) 2tx>, 216 .17 439, 45a 

Anoblum 1 379 

puiucum III 2 4 IV 3Ss 
strudim 1122^ 4 IV 

tess. lUtuiu 111 223 2 4 IV 355 

Anodon See Vnodonta 
Anodonta, 1 328 u 2^8 349, 335, 398- 

399 1 1 37 406 407 

Anomalurus 1 126 

— ptlu IU 283 284 

Anomla ephipplum u 408 409 
Anomma arcens, u 1 3 
Anomodontia iv 41 ^ 4 j8 
Anopheles iv 3 >7 1 1 

Anosla erlppus n < 1 312 
Anous StolldUB n s j 

Anser albilrons 11/7 
brachyrh) nchtis i 177 
cinercus 1177 11256 iv 24B 

— domcsticus, IV 348 24 , 

— Mgetum, 1 177 

Anseres, 1 15a. 176 178 n 217 238 
Ant (and see AnU^ 

— black garden, i 373 tv 1 19 

— brown garden Sci SI tve Ant 
slave, 1 373 IV 175 178 

*lave making or Ama/sn, 1 373 iv 
175 178 (illufct ) 

— solitary, 1 373 

wood- or horse , 1 373 iv 116 118 
(illust ) 

yellow, I 373 ivii9-iao 
Ants (see Jdso Ant), 1 373 11 206-209, 
251. 358 373 i'^ 8* 83, 9a, 97, 113- 
120, 175 179. 465- 

— Asiatic, IV 115-116 

— driver, 11 103-104 

foraging, 11 104 106 fillusu), iv lao 

— harvesting. 11 207-308 

— honey 11 206 207 fillust ) 

— leaf culling. 11 308 209 (illust ) 

Ant-Bear | 136 See also 2\iit Eater, 
great 

Ant-Eater, banded, II 42 

— Cape, I 136. »37 (illust ) 11 42, 44. 

— great, 1 136, lu 41-43, ui 256, 48a 


Ant-Eater, Jester, 111 35s, 256 (lUutt.) 

— scaly, u 4a See also Paiigohn 

— spiny, 17c 143 , u 43 (‘huat ). 44« 
323, 333, 111 475-477 tllusl ), IV aii- 

— •quay tongued, i 70 fata 

— two toed, 111 256, 257 (iMuat ) 

Antechinomye laniger, m 19a 
Anteddn See Comatula rosacea. 
Antelope Klipspnnger, iv 14a 

— royal, 1 109 
sable, 11 352 354 
ifaOga, 1 118 (illust ) 

Antelopes, 1 114, 117-118 u 279, 

353 154 365 }66 111 248 IV 98, 140, 
Ml, 143 [iv 12, 38 

Antennse of crustaceans, 1 405, 406. 

— of insects I 145, 3^6, 357, 358, 

359. 36^. 3 ^ 3 , 363, 364 365, j66, 368, 

11 440 IV 1O4 

of myriapods. 1 305. 19 *>. 397. 398. 

— of pcrifiatus I 199 m iu2 

Antennary glands, 1 408, 416 
Antennules, of crustaceans, I 404 IV 

12 illust ), II, 

Anthea oereus 1 476 
Ant-hills 1 373 [iv 161-102 

Anthocharls cardamines 1 36a 
Anthocopa papaverls m ^,91 
Anthonomus pomorum, iv 354 
I Anthophore, 1 174 i> 191 
I Anthosoa, 1 473 See also Sea- 

!• lowers 

Anthrax, 1 3 iv 349 
mono, ti 1 19 

Anthrenus fasdatus, iv 355 
Anthriscus sylvestris, iv 161 
Anthropomorpha m i6u-i6i 

flilust ) 

Anthropoplikecus niger, 1 73 ui 

i6c, 161 IV 362, 384 
Anthus obscurus, 1 157 
pratensis i 157 
Kichardi, 1 157 

— ttivialis, 1 157 [m 151 

AntUocapra Americana ma 113 

Anti-toxin. IV 79 8i> J20i ^ 
Antlers, i no, m (illust ) na. 11 
151 35a 

Ant-Uons, i 377 378, 379 n m 113 

(Ulusl I IV 16 

Ant-plants tv 75 
Ant-thnuhes, u lo^ 

Anura i 245 249 255 m 45 49-50, 

182-184, 436-442 See also Frogs 
and Toads 

Anuxlda maritima, 1 184 
Anuroflorex. u 34 
Aorta, I 41, 147 See also Aortic 
arches 

Aortic arches, 1 41, 147, 191, aot, 
308, ai5, 340-244, *54, 262, 272 

Apatnra iris. 1 36 ^ 

Ape, Barbary, i 74 75 (illust ) 

— black. 111 159 (illust ) IV 426 

Apes. I 71-75. 11 348“349. “• aj<^38, 

493 494. IV 419-42O1 424 

— aothropoid, 1 72 (lUiist ) ui 158 i6t 
(illust) 

Aphanogaster aresarms, II ao8 

— barbanis, 11 207-208 

Aphldee, I 353 (illust ), u laa, 8171 
ui 381-383, IV 116, 119-iao (lUust ), 
Aphis avenae, iv 350^ [350 

— brasuoe, 1 353, Iv 350 , 

— cenuu, IV 330. 
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Aldlll cereftib, iv 3501 

— fabe, IV 350. 

— humuli, iv 350 

— pnini, iv 350 

— rapK. iv 350 

— aambuci, iv iig (illiist.). 

Aphis, bean, iv 3^0 

~ cabbage, 1 353 (iliust ), iv 350. 

— cherry, iv 350. 
corn, iv 350. 

— hop, iv 350. 

— 0.11, IV 35a 

— pliiin, IV 350 

— ■ turnip-flower, iii 382 (ilKist ). iv ^50 

— v.ne, I 353. II ai7, iv 350 (ilhisi ) 
AphlB-UOllB, 1 37^: " "4 
Aphrodite aculeata. 1 429 , n 147, 

339. 4*^ 

AphyonuB gelatlnoBus, w 443 

(lillist ) 

Apical disc. I 4 s8 

Apiculture, iv 252 '259 

Apis melliflca 1 174 " 439, 

^41, 108, III. 251 259 

4^1ysia,Ai*4- ■■ t97> ■>> ^s. 318. 

— cefiielii<i, iv 398 [41''- 

Apooyrtus, n 315 
Aporla cratiBgl. i 362 

Appendages See also Legs, Mouth 
piuts, Tentaclec, &c. 

— annelidr » 4'.'^ , ? 23. 

— arachoMb. 1 386. 388, 390- 391, 
393. 394: M *»<5. **7. *3^ »3a. 

918. 

— cephalopoda, i 311, 31a, 313; iii 31, 
3>. 33- 

cruMaceans, i 302-303, 403-406, 4W. 
419. 413. 4*4, 4«8, 430, 421, 422. .1 
*37, >4'. ’4'-*, «44 ’54 - 2-1'' 

35-97, a8, 277, 364, 4^<v- 307. IV u 14 
~ echinoderms, 1 455, 459 -4'-^. 24 

as, ii 4-«15. 278 

— insects, i 345-346. 28-30, 167, 

393-323, 273-276. 

— king-crab, i 433 

— mynapods, i 394, 395, 396, 397 

— peripatus, 1 399 

— pydip8;or.s, i 424 

Appendlcularla, 1 398 (dlust ). ni jg 
“Appendix”, iv 481 
Aptenodytes Forsten, ■ 18^ Ml ^7 
-- Pennanti, 1 186 

Aptera, 1 35*. 384-385. »' *«.'■ 

914. lii 176, 314, 377 
Aptexia, i 142- U50 

Apteryx, i 190. ii 68, 330: m 130, 449- 
Apns, i 4a«-422 fiJIlisL). li 255- .'S''’. 

405, hi 36 (illust.j, 363 (iliust), IV 
19-13 (iliust.) 

Aqueous humour, 1 58. 

AqulU ohnrsadtus. i 174. 

Ara. »v 390. 391 

Araohnlda. See Spider-like animals 
Anneldas, i 387, 390-393. See also 
Spiders. 

Anpalma gl^, iv 433 
Aim laetea, i 337;' >v 399 
Arehisopteryz, i 306-207 ; iii 396. 
ayS; iv 471. 

Arohonteron. hi 34*, 344 

igchlumouda, i 4^9. 43*-43a: i" 

99. 359- 

Arohlffstes BietwldL iv 303-904 
ArotlA oaK i 363- [(iUust ). 
Arollotli, ii 13. 

Arotiiim majiui !▼ 98- 
AVOlOOibllA ii 3«yf 


Arotocebus calabarensls. m 343- 
Aretomys, iv 135 

— mariTiotIa, i 136. iv 387. 

— nion.ix, I 136 

Ardea cmere.!, 1 179. II 55 , IV 375 

— iniiiuta, i 179 
ArenlCOla (Japarcdn, IV 34 

- GruViii, IV 34 

— pisraiorum, 1 430 , 11 257, 408-409 , 

III 326 . IV 34 

Arga.ll, III 248 [41H 

Argonaut, 1 115-316 , m 32-13 iiiiust . 
Argonauta argo, i 313-31^. »< jj- 

J 3 , 4*8 

Argrulus, IV igc' 107 iMii.'t 1 
Argyroneta aquatica. 1 392-3g3. 

II 131 . Ill 375- I 7 <’ 

Arlon .Ut-r. 1 3.'S n iiy.j, 201, 247, 
434 . ^48 

ciiipiiuoniiii, i\ 348 

Aristophanes, iv 247. 248 
[ Aristotle, 1 S, 6 > n J,,4 , m 30 1 

IV 369 

• Arlatotle’8 lantern", 1 458, 45s, 
Arlus, 111 427- 

Ark-sheils, > 3 1^-3 '7 -v 199 
Arm, I ,1 
Armadillltlium, n 2-7 
miIk.ii*-, n T 4 . 34 -’ 

Armadillo, ii MIS 11251 

iM.ulf . 1 . . I s', >1 

- sni'l! II t-j 

- iliree-hiiidi ,1. ii 341 142 

Armadllloes. i n m 482. 

"Armour", 'I < < ii. ii. 474 

"Army Worm”, iv i.; 
Amoglossus macrolophus, iv 139 
Arrian, 74 

Arrow- Worms, -n 21 viliu..i iv 42 

I.illu'-t ) 4 SI 

ArteinLa Miilhausci.ii, iv 49^ 

vllin,!, I,’ 4,j' 

Arterial bulb, i - 72 

-- .-..no. 1 .4.,. 24J 

Arteries, i -to 41 m n 13 (iilusi ), 

See al^., It.tii- .trt lit'., 

Arthropoda, 1 > >4. l 4-’4 (^nd see 

liiiil't d anin li- 

Arthrofitraca, i 410. 4 m 415. m 


As s tmll atloni i 43 'v^nd '.ce F'ood) 

Association of organisms, 1 18, 

IV r,j 207 

— coluni.'il 'iiiinnK, k 99-106 

— tolIllTlell^all'llll, IV 74 7r,, 170-183, 
184 

— Loiirtvliip and mating of animal,., 
IV l4-,-lOl;. 

— geiiiril priiifiples, u 63 64 

— niiitii.ili..in, i\ hy, 75 yO, 170 

- p.iiasiiiMii, IV 70 7v^, 170, 184-207 

— plants ,md mimaU, iv 64-08 
* s.'x ni .inimal', iv it.7- 142 
Astacus fliivi.itil.s, 1 41- II 137, 253, 

402 4'-,j . Ill yiy j'l" II 210, 300 

- nr.lnlis, iv ’.m. 

Astenadaa, n >34 
Asteroidoa, ■ 4 S 4 .^Ct; ajvo .Star- 

Flvhcs 

Astla vittata IV i'-7 'Hn t ,, u.8 
‘‘Aatrachan". M 
Astragalus. Ill 251 2-,' 

Astroldes calycularls, n 102 

111 ; 

Atalanta, I ^21 n 00 nlust ' 
Atavism, n - is. 4!^’ 

Ateles Bartletti, u / -o 
Atelodus '' < Ivliiii .(.ns 
Athalia spmaruin, i 371. u 904. 

Ml 359, u .y 

Atherura Afrleaiia, > i j.- 
Atkinson, t m' -i, n ^,4 j 
A tlantosaiirus, iv 4' 

Atlas 101 Inst, vertebra, i 26, 143, 
>94. . ?i, 

Atolls, IV 4 n 'lliist 
Atrial cavity, i -jy . 298. n 244. 
Atrlopore, 1 296, ,. ,7 (245 

Atropus dlvinatorla, 1 379. m »vj. 
Attacus atlas, i 3- >3 
Atta fervens. u 208, 309. 

Attldse, 111 i-iP, 17; 176 iv i66. 
Attus volans, m 289 
Atya, n ^34 
Atypus Sulzerl 1 392 
Auditory cells, 1 56 See nU-. 
He.iniig, firg.Ti.v of 

- nervev 1 ^i 

— usHi. . 1 57 


>74-173 

Articular processes, 1 •<>, 229 
Articulates, 1 1 1 

Artlodactyla, i 104, 117-123, ih 
147-151, 4“^* 49.' Sec alio Mam- 
in ih, h-onfed 

Arts, 1 1 

Arum-lily, iv 80 
ArvlCOla Sc** Microtu': 

Ascaris liimbni 9idcs, I 447. iv 343 

— nitgaliHcphal.-i. 1 447 , iv 362 

Aacldla mentula, i 297 (illiut.), lii 

38-39 .illml ), 421-42* 

Ascldlans, i 29/- .too iiiust ). li 345- 
246, 306, 389-390. Ill 8, 38-39 

(ilUist.), 33V, 421-422 (iliust.), iv 38 
(illiist ), 46 (iliust }, 105-106 (iliust ), 
438, 451 

— barrel, ni 39 (iliust ) 

Asellus aquatlcus, i 4*5; *> *43. 

AbIO accipiriiniis, i 165 [aaa, 405 

— otus, i 165 

Aspldobranchia. i 317. 33^3*4. 
ABpredo, ill 436 
Asps, Aftlcan, ii 80. 

Asses, i 107 : iv 338-339. 

— African, wild, i 107. 

— Nubian, iv *39 


— M Mclc . 1 j79, 480 

Audubon, m 283 
Auk, gie II, . 184 in 66 
lilli.:, 1 184 

Auks, i i8( 1151 11166 
Aulastomum gulo, 1 433. » 
Aurelia, 1 48? (iliust ' ; m 152 (iliust.), 
3 S 3 

Auricles, 1 40, 147. 148. 21 <>-201, 207, 

S29, 240. 262, t 5, y.8, 314, 320, 323, 
3 -' 5 , 3-7. 3 ’g. 33 3 

Aurlcularla, m -,57 (iliust • 

AurOCh, I 114 See ! 3 isun, Europeiin. 
Austen, Godwin, i 7 (428. 

Australian region, iv 413, 414. 426- 
Autodax Ingubrls, ni 435. 
Autolytus prolifer, ni 358 (iUusl). 
Avebury, Lord, i 397. tv 118, 119, 
309, 337. 

Avens, w 98 (iliust ) 

AvlcuUda, IV 398 
ATOcet, 111 137-126 
Axis, >1 35*'35<* 

Axis ▼ertebra. 1 27. 194. 

Axolotl, i 349 (Iliust.); ill 435-436. 
A3re-aye, it 3«> 

Amlan, iv 94. 
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BabinUML i 109; lii 488; iv 4^. 437 
Baboon, Arabian, i 75. [(illuat ]. 

— black, III 159 (illiut.); iv 4*6. 

— yellow, i 76. 

Baboona i 75-76. li 349, 363-365 

(■Must . iii 158, 494. iv 134, 143-146 

Bacillni antbradB, iv 78 
Baokbona Vertebral column 
Bactorla, i 3 : iv 6$, 67-68. 76, 77-78 

tillust \ 79, 98. 

Bacterliim aootl, iv 78 
Bartamta ezolamatlonli, iii 40a. 

Badsor, common, I 97 (illubt ); ii 339- 

— honey-, li 231. [331 ; 111 136 

Badirora, 1 94. 96. 97. li 330-331 
Bain. IV 401 

Bakor, Sir Samuel, ii 15, 363, 331 . 
Ill 138, 140. IV aia, 241, 331, 334, 

337. 364 j 

Baliena australla. iv 315 

-- 111) ^ll(.ctlls, I 101. 11 30 IV JI4-3I5 j 

Balanoptera boops. n jg 

BalanCO, or balance and hearing, 
organs of, 1 56, 150, 203, 209, 345, 
363. jto, 333 , 409. IV jj-39 

— of amphibia, 1 24s, iv 39 .illutt \ 

^ of annelids, iv 33-14 ullust ' 

— of ascidiaiis, iv 38 \^iJlusi 

— of birds, i 150 flillust. 

— of (.rusuceani, i 401, iv 35-36 

— of fishes, 1 26). IV 38 jQ (ilhist ). 

— of hydro2oa (Jelly- 1- I'hes , iv 38-39 
liiliist 

— of insects, iv 37-38 >11“'* '• 

— of mammals, i 56 illust ) 

— of molluscs, i 310, 333, iv 34 33 

— of reptiles, 1 203, 309 f(dlust.). 

Balanoora, i 355- 
BaUnIdi. ii 406. 

BatanlnUS glandium, i 369. 

— nucum, ii 211 

Balanofiossus, i 300-30*. >> ^46. 

306, 390; ui 7, 215-216, 430-421 * 

Balanns, 1 4<7> i> ^54. 363-364. 

Boldwln, IV 401. 403, 492 
Baleen. i loi ilhist ). [402, 403. 

Baler, of crustaceans, i 404, 405 . 11 
Balfour, Maitland, 1 398, iii 337 
Balinee. iv 205. 

— capnicus, i 27B 

Balloon-Flab, n 306. 

Balaaxna, iv 91-92 
Bamboo-Rate, in 304 

iv 8(y ['llIusL) 

Bandicoot, piij-footed, ill 191-192 
Bandleoota, li 41. 234. m 191 192 
Banzrlnga, i S3 iIIum.]. m 346-247 
Barbados earth ”, 1 496 
Barbel. I >83 ivjSr 
BarbeU. i 36B, 278, 279, 280, 383, 383, 
Barberry, iv 96. [292. 

Barbeta, iv 133. 

Barbs, i 143 
Barbules 1 >43- 
Barbus yulsarls. i aSa. iv^i. 
Barnacle, .acom, 1 417, 418-419; ii 
254, 406: iii 363-364 

— ship, i 417-418 illiut): ii 354 
(illust III 363-364. 

Bamades, i 410, 417-419; U i44t 
aS 4 . 406. iii 363-364. tv i 97 -» 99 - 
Bairamonda Sec Lung- Fish, Aus- 
tralian 

Barrlfndo, i 77- 


BaaUiieas Amerioanna, i »» 3 : iii 

53-53. 

BaalliSlr helmeted, i 223; lii 52-53 
"Basket- Worms ^ lii 400. 

Bass. common, i 373, iv 381. 

Basses, 1 27.3. 

Bastard wing, i 143: iii 301. 304- 
Bat (and see BaU) — 

— harbastelle. i 82 

— Bechsteins, 1 83. 

— Oaul>ciitin*s, I 8a. 

— hairy armed, i 82 

— horse-shoc. i 83 

greater, i 83 

lesser 1 83 

[ — javelin-. II 39, 40 illust.). 

— kalung. I 8a, 111 245 

— long eared, i 81, 82 (illust ) 

— long-tongued shrew-, 11 39 

— Natlerers, 1 82. 

— noctule, 1 82. 

— pipistrelle. 1 82. ui 292-293 (illust I 

I — strut me, I 82 L(tllusi \ 

— vampire, long tongiied, ii 38-39 
true, I 82-83. 11 39-40. 

— whiskered, i 82 

Bats (and see Bat), 1 68, 81-83. a 38- 
40, 320-321, 328, 346-347. tu 244-245. 
392-295, 485-486. IV 89, 337, 424. 
427.429,473 flV2l2 

— fruit eating, i 81 82. 11 331, iii 245 

— inseci tatiiig 1 82-83. 

— leaf-nosed, 1 82 8j 

— true, I 82 

— vampire, i 82 83 , 11 38, 39-40 
Bates, I 6. li 40, 104, 180, 311, 325. 

326, ui 310 . IV 251, 336 

Bateson, u 287. 389. iv 3a 
Batbsmomos glganteus, iv 447 
Batoldel. 1 284. 287-390 See also 
Skates and Rays 
Bdellostoma. n 38 )-i84 
Beadlet, i 473-474 

Beak, of birds, I 141, 153, 155, 156, 
158, i6i, 164, 166, 169, 174, 175, 177, 
*76, 179, iBo, 181, 183, 184, t 86, 1B8, 
190; it 64, 186-187, 188-191, 242 
(illust ), lit 366 

Beaked cbelmon, u 87-88 
Bear, brown, I 95 (illust ), il 227-228. 
in 155. 49 * (illust , iv 334, 37a. 

— pnz2ly, i 95. iv 334 

— Malayan, 11 227 

~ polar, t 95, II 19-ao, 227, 379; ill 75, 
76. i55-t56. iv 334 

— proboscis-, 11 229, ajo (illust }. 

— sloth , II 228 (illust ). 

— spectai led, tv 429 

Bears (and see Bear), i 86, 94-99 . 11 5. 
327-930 ill 135-136, IV 334 

— large, i 94-95 . lii *55^*56, 49 * 

— small, i 94 II 229-230, 111 247-348. 

Bear - Animalcules, i 3S7. 394 
Bear-Cat, u 13. {(illust.) 

"Beast", 18 

Beaver, American, i 127, iv 136-140, 
307. 

— European, i 127, iv 135-136, 307-308. 
Beavers, i 137 . u *77 : *» 7J-74. 
Becbsteln, iv 149. 

Beddard, iii 386, 361, 493; iv 142, 
32a, 307, 315, 409 

Bedegnnrs, ii 204-205 (illust) : iv 79. 
BedlCbon, Madame, iv 213. 

BOt^ carpenter, i 374; iii 390-391 
(illust ) : iv 108, 356. 

— flower-, i 374. 


Bee (Cm/.) 

— hive- or honey-, I 374 ; U 005 ; lii 
a74-a75 (iHt*** ) : iv 43 (illust), lol, 
111, 121, 251-959 (illust I 

— humble-,i374(illust);uis9(Ulust): 

iv94. 109-111. 

— poppy* |ii 39*- 

-- wood , i 374 (illust) 

Bees (and see Bee), I 373, 374; K 905- 
«>6, 250, 307, 358, 439; ill 974-975, 
3«*, 3*». 313. IV 39, 45, 160^,199-164. 

— leaf-cutting, i 374 ; iii 391 ; iv 108. 

— mason-, iv 53-54, 108, 195. 

— " short-tongued ”, iv top. 

— solitary, i 374. 

Bee-Fly, ii 119 (illust.). 

Bee-keeping, 1 15 : iv 957-259 (illust). 
Bee-" Loose ", iv 190. 

Beetle (and see Beetles)— 

— bacon, ii 109 (illust.), 110; tv 335. 

— bean, ii an . iv 354. 

— bombardier, ii 358-359, 373. 

— Colorado potato-, li 911 ; iv 354. 

— goliath-, i 368 

— Hercules, i 368. [394 (illust). 

— long-homed oak-, iii 373 (illust.), 

— maggot-eating, ii 109 (illust.). 

— pea, 11 211, iv 354. [(illust.). 

— sacred scarab, i 368; ii 909-911 

— stag, i 368. 

— tiger, field, li 107. 

— -- green, 1 367 (illust) 

— violet ground-, i 367 : ii 107 

— water, great, 1 367 (illust) ; li 108- 
109 (illust ), 439, ui 29 (illust ) 

great black, 11 109, 440 : iii 398, 

399 (illust). [(illust ). 

— whirligig, i 367; [1440, hi 99-39 
Beetles (and see Weevils, Ladybirds, 

&c.), i 351, 366-369; ii 107-110, 
90Q-91I, 987, 308, 314-315* 3*6-327, 
337, 345, «fS-440 . lii 177-178, 923-924, 
3*3-3*4, 393-390. iv 43, 82-83. 159, 
162, 163, 165-166, 199-194. 354-355. 

— " blister", iv 391 (illust ). [423, 

— burying' or sexton-, 11 109 (illust ), 
110. lii 396-398 (illust.) 

— carrion-, ii 109 (illust ), iia 
rove, u 110 

^ click-, II ail, 359 ; lii 177-178 (illust), 
924 . iv ->54- 

— flea-, i 366 : in 178. 

turnip, i 366 (illust): iii 178; iv 

354 (illust ). 

— - ground-, i 367 : ii 107. 

— oil-, IV 192-193, 321. 

— rove-, i 367-368 ; ii 108. 

— scarab, i 368 ; ii 209-211. 

— tiger, i 367 . il 107, 3*5 

— tree-, ui 973-274. [iv 16 (illust ). 

— water-, i 367 ; U 108-109, 439-440 : 

Bebemotb, i 108. 

Belemnlt^ iv 485. 466 (illust.) 

B^ ill 71 

Bell-Anlmaleolb, i 489. 493-494 

(illust.): ii s66-e67, 418; Hi a, 5. 6, 
(illust.), 8-9, 3^390 (Uust.), 3S1, 
393, 395 (illust.), 335. 

Bell-tdrd, iv 431. 

Belloo, ii 370. 

Belone vnlgn^ i 275 

Belt, i 6 ; ii 304; iv 190, 957-438 (illiML). 
Belngn. $«• Wbalc, adiite. 

Ben bam. H 339. 

Benthos, u 330-331. 

Bernard, iv 130. 

Bemieia brenti. 1 177 : b *38- 
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Bero^ t 483 u 156 (Dluit); iu 19 
[(illust} 

B«rry AnLm&lenle, u 973-374 
BettonBta Leaoanrt, m 480- [45J 

BlchlT, > j(>6 368 (illust ) u 334, 431, 
Blcnsplds, I 3S See also leeth 
Blf^hom. Ill 187 

BtUterai symmetry See Sym 

metry 

Bile, I j7-j 8, 4* « aia-313 
Bile-duct, 1 37 
Blnturong, » >3 
Biology, 1 4. 5. 16-17 
Blpallum Kewenae, \\ 446 
Blplnnarla. 1 45^ »> 356 
Blrd-Lloe bee Buing I ice 
Birds, 1 30, 31, 60, 139 190 11 45 69 

184- 191, 335-343, 279, 390 J95--I9' 
309-311, 323 328, 3i3, j 43 “ 344 . 3 '54 
367-370, 426-427. Ill 56 67. las * 3 * 

185- 186, 261 267, 286, 295 308, 4J2, 

448-474 IV 29 30 59 62, 88 89, 95, 
96, 129-134, 146 151, 202 203, 214, 
346 251, 308 309, ja? 3-8, <47 348. 
369 370, 375 <78, 387 39 *, 395 , 4 i 7 
418 419, 4 J 1 , 4 ^ 3 . 4 5 > 437 4^8 

4 JO-432, 4 J 6 4 J 7 , 448 

— extinct, u 45 illiisl ) 111 296(illiist ), 
*98 IV 471 . 475 476 filin'** ) 

— of PiradiSiC, 1 154 <55 lUusi 

— of pn I ^ 37> III 307 IV 

327 btc also lagks, Vultuits, 
Owls &c [170. ' 7 ' 

Blrguslatro, n 2?o 221, 469 470 m 
Bison, Aiuiru ill 1 f(4 (lllust ) 

I* iirnpt ill, 1 114 IV 225 

Bltlng-Uce, 1 374 <79 -j8« '» "o 

IV Js6 

Blttacus tlpulaxlus, u m 
Bltterllng, It 4 j 2 (lllubt ) 

Bittern, iointn n 1 179 

— little I 179 

Blackbird, i I -,9 III i8s IV 96 

Bladder-beaded Fly, n n > iHusi * 
Bladderworts, iv 7 < 74 ' Must 95 
Blastoldea, iv 459 
Blastopore, m <44 
Blastospbere, m 338 344 
Blastula, m Jj 8 , 33; 341 <|a 

344 

Bleak. 1 2S2 11 44Q lllil''l . tn >1 
Blennles, 1 27^ n Sr m 425 320 
Blennlus pholls, 1 275 
Blenny, '>i'iu nh ■ 27^ 

\ IVip II 2IIN III 4*3 426 

Bllndworm, 1 n ^^4 » 1 ■ 1 

371 III III (illii*-l 44^ 

Blood, I 3S J7 iillust 41 6;, 147 
. « 02 208 463 II 426 See il'.o 

tiroulituiv irRiiis 

Blood-corpuscles, I j8 39 See also 

C 1 1 US It s 

Blood-systein. 1 38 39 4 ', f 3 

ilso Lnuulat uy ort,aiis 

Blood-yessels 1 jj. <8 39, 49. M 7 
See jIso Cmul itory iirgiiis 

Blow-Fly, IV 72, 351 
Blubber, 1 100 m 84 iv 312, 314 
Blue-bottle, 1 isS 
Blue-buck, u U9 170 
Blue Roller, u <^0 f < (illust ) 

Blyth, IV 247 (ill 270 

Boa-oonstrlctor. 1 232 (iilusi } n 79 
Boar, wild, 1 in8 11 231-234 (illusi 
Boas, 111 270 [iv 233, 334, 373 

tree-, 11 79 

— water- See Anaconda 

VfiT IV 


Body-'Ca'flty, 1 303, 468. See also 
Abdominal cavity. Coelom, ftc 

Body-wan, I 401. 4*6. 4^7, 447-448, 

462, 467-468, 4I4, 485. 486 111 101 

Bohemllla eomati^ iv 25 (iiiust ' 
BoletOa edulu, iv 81 

— bauiwi, IV 8 1 

Bomblnator, iv 417 
Bombus, IV 109- 1 1 1 

BoznbUa leucurufu, I 374. 

— ruderatun, iv 111 

terresitns, 1 374 

Bombirx morl, 1 364 u 214 iv .59- 
BOU, De, iv 289 
Bone, 1 25 

Bonellla, green, II ISO (lilust 410 

vinrhs, a 150, 410 

Bones See SIccletoii and Lndu 
skeleton 

Bonlto, 1 274 
Bonxle, u s-* 

‘ Boobies , 1 181 111 6 j 
Book-Lice, 1 374 372 111 223 iiiubt } 
Books. I 6 7. i:, 

Book-Scorpions, 1 382 iilust > 
Book- Worm 's* c Bo >k Lice 
Boonder, 1 74 

Boring organ. o‘ molluscs, u 97 98 
Bos Amcncinus, 1 114 

— bom sus, 1 114 
bubahut, 1 115 

— coffer, I 1 15 

— fionUlis, IV 225 

— gaurus, I 1 14 

— grunmens 1114 iv 225 

— indicu«., 1 114 IV 225 
longifrins, iv 224 
pniuigenius, 1 ri4 iv 224 
t3unis, 1 114. II 167 169 IV 22s 

Bostrlchus typographvB, m 224 
Botany, 1 5 Uillu^t ) 

Botaurus stellarlB, 1 179 
Bot-Flies, I 358 11 121 IV igi ilhisl 
Botbrlocephalus latus, >v 4 • 
BotrylloB. i 300 illu^t ) iv loj-ioo 

lllUst 

Bower-Birds, 1 1 ss »v 405 407 
Bowfln, I <9 )i4j< 

Bow-Fly, II 1 1 2 (iliusi ) 

Braebinus crepitans, 1 358 359 
Brachiolarla, m ,',6 (373 

Brachlopoda, 1 436 438 440 u 259- 

2<kj 332 4\ 411 111 8 

Bradypua trldactylus, n 178 179 
Braem. m 3v> («» -<56, 481 

Brain See ilsoCcicbral hemispheres 
iiiijliibiii s I 345 IV 31 (lilust } 
aiiiich K IV 8 2, 13 
buds I 149 lilust IV 32 

— crustaee4ns iv i- 13 14 

— deveh pimnt < f verti bnle, iv 30-23 

hshes IV 31 lilust , 33 1\ lilust I 

~ mamm ils 1 34 53 (illust ), 67 08 
IV 21 2{ (lilust 

— reptiles, i 209. 316 

Brain-case 1 24 27 78, 80, 103, 193 
Brain ganglia, 1 303 [202-203 

Brambllng, 1 1->6 
Branchelllon, u 410 
Brancblata, 1 343, 40^-434. “ 135- 
Brancblobdella, iv - [145 

Branobiomma, iv 44 45 
Branebiopoda, ■ 4^1 4^*- 
Branoblpus, n 405 

— st-ignalis, IV 493 

Braula oaca, iv 190 
Bream* common, 1 aSa 


Breast-bone, 1 29, 145, 132 ui 20a, 
* 99 . 309 

Breatbiug, t 17. 45-46. 148, u 376- 

3S0, 420-421, 424 

— of plants, n 379 380. 

Breathing organs — 

- acorn headed worm 11 390 

— amphibians, 1 240 242, 244 245 254 
11 432 433, 450 458 

aiuinah uln 11418 419 (446 

annelids, t 438 439 408 410. 443- 

- triehnids, 1 38t, 388-389, 390 , 391, 
jy2 I) 443 443 

— ascidiins, 1 298 11 387 39^ 

— bird 1147 142 114,6427 

— crust iceaiis 1 40^ 404 11 400-406, 

441 444 469 470 I416 

eehiiioderms, i 452 458, 463 11 411- 

— hshes II 383 388 447 45D See also 
(.ills, Ull clefts Jee 

— flat wjrms, 11 443 446 

inbccis, 1 348 349 357 II 437-44^* 
king crab, 11 406 407 [462-468 

lamp-shells 11411 
hncelet, 11 389 

rnaiiH-nals, 1 45 47 ^7 ii 437 431 

— mtllusts, i 308, 331, 3J7 jjj, 340, 
341 11 301 399, 432 - 434 , 4 ' 59 - 46 -i 
moss pfilypes, u 410 41 r 

— inyri ip ids i 395, 397 11 435 437 

- nemtrtines 11 391 445 

— penpUus 1401 114,4433 

— reptiles, 1 202, 209, 215-216 230 ii 

— siphon worms. 11 410 [424 426 

— sponges 11 418 

— wht el animalcules 143, 11410 

— zoophytes, II 416 418 
Breatbing-poreB See Stigmata 
Breathing tube, '<4 mseets See 

Air tubes 

of molluscs See Syphon 

Breeze-Flies, iv 190 

Brebm, 1 6 u 279, 365, m 186 iv 

T4O, 148 ,ul 

Brepbos notba, m 401 

Brill, Ul 4-12 IV 368 
Bristles, of atinelids, 1 425-431 ui 
327 230 , jfxi 

Bristle Tall, I 433 illust ) ii 410. 
Bristle-Worms, 1 425-43* iHust ), 
11 146 14 2*7-258, 3*8-339, i6»-36i, 

380, 40 439 111 22 23 07 99 226- 

2 <0.329 330 illu-t ^ 458 361 (illust ), 
IV 8, 44 45, 199 =00 216-217 

— frw bnsiled, i 430-431 

— many bristled, i 4*0 431 

— simple segmented, 1 431-432 

Brittle-Stars 1 454 43 s 456 n 285 . 

414, 416 UI 114 115 (illust), 278 
(illust ) 328, 354 355 (iIIusl ) IV 459 

Bronchial tubes, i 46 " 427 
Bronchus (pi bronchi . 1 46 
Bronze age, iv 208 , 233 , 234, 262 
Brood-capsules, 1 422 
Brood-pouches- 

— amphibians, iii 440 441 (illust ), 443 

- annelids, iii 338, 359 (illust < 

— erusiace'ins, lu 362 363 illust , 

364 , 365 

— cchinuderms i«i 355 (illust /, 356 

— fishes, III 427 (illust ) (357 

— inammils, ui 476 (illust ), 477 

— molluscs 111 405 406 
BruCbldSS See Beetles— Pea and 

Bean 

BruchUS faba:, it ai t iv 354. 

— pui, II 211, IV 354. 
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Bnumar, n xsa 
Bryopliyta. IV 64 
BubalUB ami, IV 396 . 

— buA'eluf, IV 3 > 5 -> 32 <Su 

— caama iv 141 

Bubble-Shelli, I 3 a 4 (illust) 11100 
Bubo Ignayus i t 66 
Bucdnujn undatum t 331 n 90 

9 ’ j 94 W 5 »» 4 “, 4 *J ‘V 34 *^ 

Buceroa galeatufl n 343 
BuceroUdSB Se«' tCnrnbills 
Buck m 4 '» IV 378 
Bucklaud tiank i6 ii iig >11444 

Budfengar » Ln ib 

Buffalo Capr t T15 11 ^ai 

Ii diin 1 113, IV 2a6 

Buffaloes i 1x4-115 i> 352 iv a^-, 
Buffou, II 489 . [3.0, 3j4 3'') 

BufO cilamitata, 1 254 

— vulgiri') lass ii b 83 in Sr 41 -) 

Bufonlds, I ass 1447 

Bug WJ u xa3 iv jo 
needle 1 354 11 123 124 
Bugs (and see Buj;} t 3 -ti 54 11 laa 
134 216 - 317 , 310 , 440 ^41 III!) 

178 180 , 380-383 IN ly ly 
JSo- 35 » 

— me’il> See ol ik Inse i 

— tree or j lain i i 424 So iSi 

ajid ste Cicadi 

ikater, 1 1^4 355 ii 123 124 in 8^ 

BugUla IV 03 [jb IV 

Bulimus 111 414 
Bulla 1 3-4 ill ist 
Ballducb I III 
Bull-heads 1 27., iv 373 
BulUa 111 i >-3 

Bougarus cceruleus iv 330 
Bunting ori 1 150 

corn, I 156 

— reed 1 156 

— sne w I 156 

— )ello>«i i 156 1 mst ^ 

Buphaga Africana U 6a 
Burbot 1 279 
Burdock iv 98(111211 
Burled coal-fields • a 3 
Burnett salmon Str i ung Fi^K 

Austral an 

"Burrs” ivqz-^a 

Bustard An tr^lian iv 150 illust 

— great 1 170 11 241 44 '‘ iv 1 4 377 

— little, IV 277 

Bustards i i7> u 24 >-243 iv 
Busycon canca, iv 124 [147 

— ptrversum iv 324 

Butcher-Bird, great II 6j Mlnsi 
"Butcher-Birds”, 1 158 u 64 65 

BUteO lagopus, I 174 

— vulgans i 174 

Buthus EuropsBus 1 3B7 
Butler Cyrus W , ill 134 IV isi 
Butter-Fish 111436 
Butterfly and set Biiuerdies - 

— black veined biown ur monarch 
11 307 3 i» 

— black veined white i 362 

— blue common. 1 36a 

— bnmxtone, 1 36* 

— cabbage or large white, 1 36 a 372 
a 214 , 3 x 1 , 399 400 (lUust / t¥>i 6 i 
(illust), t 6 a IV X 94 , 352 

— c o iyer, small. 1 3^ 

— green - veined white, 1 36 a, 373 
(tlliMt ) . IV 35 a 

— Indian skipper ui 40 a (ilhut ) 

— onmgc bp, 1 36 a, iv i 6 i-i 6 a (Ulust ) 


Butterfly (Cm/.) 

— painted lady, t 361 . ui 400 

— peacock, 1 361 11 915 iii 400 > 56 

— purple emperor, 1 361 

— red admiral]. 1 361 111 400 

— resplendent Ptolemy, i 361 

— small white or garden white 1 j 

IV 332 (ill 4« 

— tortoisrshf 11 great 1 361 diust ) 

sm^ll 1361 u 21s -92 ui4«. 

— whiit admiral u 31 

Butterflies land set L Itterflv M-.t 

3s8 if -2 37a J7J 11 laT 214 215 
Jv-* m «> *67 3H. ,11 39,,, 

4U2 IV St 160 it)2, 351 353, 4 3 
bird wirg<-d 1 3O4 

— I lues i 362 

c ppers I 362 
fnti lirufc 1 361 III 40<v 
1 it 11 34? ly dliist , ■> 
swal’ Ht» <d ijfa 1131? IV 43 

»r irs I 01 

I Buttervoit iv 6P 
I Buzzard ommon 1 174 
I — ho ie\ i 17 ^ 
j i 174 

Byssus > 1 «> IJJ 337 338 >»» 40* 

4 7 408 4J9 


C 

OaccablB rufa, 1 1" 

Cachalot, u 49 ‘'tc alsi Urhal<*s 

sH I n 

Cacti, Mesi an iv ;s 1 U t 
Caddis Fly, di im nd !,pottc I I J 
( irpe 1 17 , II i t ) 

Caddls-Flies, > 174 37S •>) n nt 

III 38 i^f illttst IV 1 II 

— Ill d III iif il ii^t 

Caddis-' Moths’* Sc« Cadd^ ’ h 
Caddis Shrimps, m 309 
"Caddis-Worms”, 1 378-173 u uO 

337 illu I 4(7 III 

CsBCillaus, I s 2 lilust II 83 

J y 4 III 4 t .13 414 ilhi t ) 
44-* 44 3 

Cscum ipi CsBca , • 4” 4^ » ^7 

17 i7f a Is c I3u slivt C13.U1 

CBsrostns mitralls, m 2 j) :ioo 
( Caillard, Paul iv 374 
I Caiman ^(.i rops 1 411 ( 11 st 1 

vpe tafit.d I 211 yillusi 

' Caimans, 1 -no 
Calrtna moschata, iv im 348 
Cadamsirles See Squids 
Colamolchthsrs, 1 266 268 u 4,3 

Calandra granana, I 369 IV 354 355 

— oryr*, 1 369 

Calandrucclo. m 433 
Calcaneum, 1 S07 m 19a 
Calcar, of frog, 1 350 

— of rotif* ra, i 435 

CallddM, m 401-404 
OeUdrlB arenarla, 1 169 
Caligos, tv 201 
Callldlna symbloUca, iv 75 
Calling hares, 1 las 
GalUonymUB carebares, IV 159 

— hneatits, tv 158-159 

— lyra, 11 306 iv 158 

Oallorhynohui aAtarotlena. 1 291 
Oallosltlea, 1 72 lu 33s 

Oa&ula pulGhra, u 304 
Oalooalaaui paro^ iv 4sa 


Oalodaotylua aureus, m 2(8 
Oalotennea flavlcollla, 1 379. u 

4ia ax3 IV 123-123 

Oalotea nigiUabria, i aa. 
Cambrenaia, Geraidus iv 1 36 
Carnal, Arabian, 1 laa lu 151 (illuvt ) 

IV 230 

bictrian I 122 IV 230, 431 (illu>.t ) 
CamelopaJTd, 1 119 and bcc (iir ilTe 

Camelopardalis glraffk See 

(TiralTa camelopard'iln, 

Camel% 1 109 120-144 u 171 477 

III isa 153 IV J 3 > 20 fxji 

I Camelua bac minus i 124 iv 4 o 

diomediriuv 1 122 in xsx iv 430 

Campanularla, m isi iiinsi ; 
Canaries, m 261 iv jfa-* iilust ' 

Canarlum oommune, n 1 
Cancer pagunis 1 41 » >4 

J^7 J38 4 VI 404 » I i\ 2 8 jj 

Canes venatlrl, tv jt, fa 
CanldSB, m 4ot iv 22-v 2 
Canine teeth, 1 j:, 08, 1 >0 and bi c 

ieeth 

CanlS aureuus. 1 33 
•irirje ii 17 343 
dingv, 194 II 341 IV -42 
fimilians, in 13s 1^7 n,4 155 iv 
220- 222 367-368, 383 384 
lagopuv II 18 
latrans 1 93 

— lupus I 93 iv 37- 

vul^Ms 1 94 IV 374 373 
4i.r 1 1 i 34 119 

Cannablna fl\ 1 ms 1 156 

h nni 1 
rii^r tti s I ij*" 

" Cannon-bones”, ii 14. 149 ijo, 

Cannula, II 8 |i>, ic lyb 

CantharldsB Sc< Jkti'es i 
Canthorldes u n 
Canvas back, m 6<. 

Capercailzie, > 174 n 7 
Capillaries, 1^ 

Capra » '•/ • 4’’ .'n 

hut I I 117 IV 4; 4 fiv 5 J 

llxx 1117 UI iji 
Pyre 11 K I 117 
S I cri I 1117 
Sinii'u 1 I 1 1 7 

Caprella, 1 4 ■ ::> n ‘4-' 4 h 4 >1-177 

Capreolua caprea, 1 1 1 
CaprimulguB I m > li s 1 im u 

\ irgiT niuib II f*! Ist ,s i» 453 

Capsus I 3S2 ill i>t 
Capuchin weeper, 1 77 
Capybara, ■ i]4ms n 178 m 
Carabldse, n 107 (74 7s iii ist 1 

Carabus vlolaceas, 1 ,07 u 107 
Carapace, 1 214 

- crustatcaLnv, 1 406 421, 422 111 27 

— turtoiw and turtle^ 1214 213 414, 
3 X 6 - 217 218 419 230 II 3J4 ilhist ) 

Cara 88 luBauratuB,i 964 1V393 393 

Carbohydrates, 1 13 
Carbonate of lime, d 259 277 

Oubonlo add gaal'*'""^'””'*') 

1 44 11 470 371, 473, 289 377 380, 
382 383, 384 420 iv Ik-68, 76 

Carbonlferona perioC » 380, 483. 

464 ll“ 4 « 

Oarcharlaa glancua, 1 284 n 88. 
Caroharodon BommtU, 1 >86 u 

88 IV 340 

Oaxolnua ypo—a*, 1 422 u 140 tv 
ClardlMi*, m 180. [197-199 
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Cardlum ediile, 1 334 » 180 

IV 390-397 

CarduellB elegana, 1 156 
Carlnaxla, 1 n 99 
Carliiatse, 1 15? ‘86 m 450 474 
Carmine, iv 260 

Carnivora. See Mamm fiesh 
eating 

Carotid arches, 1 343 

Carp, be iUcil 11 1 [ ‘Ui>M 

(umin n I 28 it 448 iv 19^ 00 

Carpalla, > 198 
Carpenter, 1 1 7 " >v 164 

Carplncho s <. t i] j i u 1 
Carp-'* Louse", IV *> * >7 ii’ ist 
Carpooapsa pomonclla, i i\ 
Carps, I 2F utjs tv ) ij^ 
Carpus s c rl^r 
Cartllage(B), is j 2 1 

4 f'lt'll I 

h^rjiiiJ idil 111 ir 1 jCo 71 

— th\ii 1 1 i 4/ 

Caryophyllla Smlthil, i 47^ 
Cassell, 1 17 
Cassis, I 131 

CasBowailes, 1 i 7 isw ifag 19 i 

I n 1 I illust 44 1 4j 

Castor (u uiileiiMs, 117 IV I o 14^ 

1 7 

— 6 tr I 1J7 in 71 74 V 1 ,5 M 

Castorldn. u 177 U 

Casu-flii * / u Ml T 

44 > 4 SO 

Cat d !♦■ li 15 1 11 s I I I 7 

li ilUisi IV 14' 1 j 

j86 ill 1 U 

— fill V 1 V J 7 J llluvt 

6^1 111^ 11 1 1 il 7 76 

— I tmj ♦ I c8 
w 1 1 I t IV 

Cats proper, i 86 88 n 5 u n m 

1 7 IS ^ 4 7 ' 4 r d p Clt 

Catch Files, i\ '' ill t u 94 
Caterpillars, m 1 t i ^ 

/4 36^ lllll 11141 M 

3 J 4 2 )7 298 (llll tlx 1 

314 [ II isl 14 1 J P 4 

111 I 3 I 3 ) I I 4x4 

(llll t 4 ill ISl IV ) 7 

(lilu C JSI t 5t 
I dsL 1 71 

— surl let. 1 < 

Catesby, u 14 

Cat-Fishes, 1 2S i j s 1 1 wt 4 

— tle« trie u 8t 

Cat gut, IV s) 

Catheturus Lathami, m 451 4 
Catohlepas gnu, 1 1 iS 
Cattle aUo (Jacii) - 

— hi mpf d I 114 iv 33«; 

— while ^cr Chillinghim) iv 2'’4 

Caval veins, 1 2^ 

Cavla cutlerl. 1 1 34 
Cavlcomla, 1 m n js'* 

CavUdse, 1 134 11 178 
CavluB porcellua 1 < 34 

Cavy, cutlers, 1 134 

— restless, i 134 

Oavles, 1 134 II 178 
Cehlds, 11 336. 
debus eapuoinus, 1 77 

Oeoldoin^ destructor, IV 351 

— truici. IV 351 
CMandlliO, greater, iv 8o 97 

O^Ua. 1 49. 51. 55-56 467. 469-471. 

47t, 484-486 u 370 111 a, 3 4 . 5 
(lUtUt), 9-10, 13 , 13, 317, 336 333. 


334 . 335 nP 316 340 342 iv 5 25 
(illust 36 .9 30 31 32 llll Nl JJ 
44 3 S 37 i) 4 41 t-i 43 4 t 

Cell-walls, II •* o 373 
Cellulose, n 17 y 
Cement, 1 35 u 106 
Cement-glands, 1 418 43^ m Pi 
Centaurea alpino, iv 82 
Centetes, 1 Ss 

cc ill lilus 11 3 \ 

Centipede, si lei 1 heir ng u 1 n ' u 

(llll s| 4i(. 4 7 ill St 1 I It ) 
(j last 

thiiti f I 1 74 illust It 112 111 

111 371 t i 

Centipedes 1 142 1 ( u i 

I it 311 - *. 4 7 ‘11 1'' J 7 

I IV »4 t 1^ It 1 

III 11 ( ii 11 llu I ) 

CentrouotuB Gunnellus. m 4 f 
Cephalothorda, 1 r 1 44 
Cepbalophus n i6t (24 

11 I 1 1 11 I 9 17c. 

Cephalopoda, 1 311 317 u 94 >6 

i- 7 49 193 “• o u, I >4 loS 

I 417 41 1 n iv Q 45 

Cephalopterus oruatus, w 431 
Cephalo-thorax, of 1 ithmds 1 itc 

rust I eiiis I 41, 414 [156 

Cephus pygmsaus m 387 388 iv 
Ceiitrabyx hcros, m 273 394 
Cerastes cornutt4S. n ? i 40'’ 
Cerata, II 1 - S2 U>8 

Ceratoduu, 4 > 8( 454 

Ceiatophrys omata, i 3^3 l45<> 

Ceratopogon 1 7 n lai 

CoratopBla n 4-'o 
Ccrcarla 1 444 
Ccrctiils IV I J 
Cerci i 4 > 

Ceroolabe*! prehenslllB, m 2 25 

Cercoleptea » 3 

II 1 ' 11 ZV 

Cercopidds ■ 17 »■ > 
Cercopithecus cjlu 
dll 1 1 I 
il ru 14 

Cere 1 ti t i- 
Corebellum 1 t 2( v 23 
Cerebial ganglia ^ Bnnj,! 
_,h 1 

CerebraJ-henilsphereB. i 2 

11)2 V ill JSI 

Cerlornls Batyrus, iv 1 j u 
Certhia famlliarls 11 1 i ' 

1 M 

Cerura vlnula, 1 oi n ij jh 
S ) 111 1 4 

Cervical groove, 1 402 
Cervldse s c Dccr 
Cervulua, iv 4 4 
Cervus i\i u 3 i 15* 

( II id I SI llll 

diini llll 111 151 

eliphus, llll IV 144 145 473 374 

Hibcmirus i\ 474 

Cestoda, 1 44* 443 -md see Tape 
W omis 

Ce(^clon Philippi. 1 =87 u 89- 
90 111424 

Cestus, 1 483 111 20 
Cetacea, 1 61, 68, 99 .01 u 35 30, 
339, 430 Ml 83 86, 490-491 3*4- 

317, 473 See also Whiles, For 
poises, &c 

Cetonla anrata, 1 368, 369 
OetorhlnuB maximns, u 88 


Cheerocampa eipenor u 314 

— p iiuellus, Il 314 

Chseronyoterls, u 38 
CharopuB, 11 43 

C ist iUOtUS, lU 191 19a 

Chsetoderma, 1 341 (illust m 223 
Chmtognatha, m at ((iiiust j 
ChSBtOpoda, 1 4^5 432 2lso 

Hiisik WoriiiB 
Chafers, 1 368, 369 (illust ) 
Chaffinch, I u 1S7 m 4<'9 (illust I 
47 IV 147 dHu'it J 148 348 
j Chalddes occiUtus u 77 

I trid iclyllis 1 2-xr 

Challcodoma murarla, iv 53 54, 
Chalk 14) (>9S 

Chalk i>eriod m ) ^ 

Chamsleo Owim ivisi 

vilgins 1227 111269 75 44f 

Chameleon cumin u 1 227 illust . 
11 < ; I lust 440 

I Oivei s iv iji illu!»l ) 

Chameleons 1 ai 226 227 u 73 75, 
11 42>, 42b 

I Chamois 1 1 17 i is 1 1 248 
'Vlpiiie II 3(.5 

Change of lunctlon St i i- unction 
Chapman u 1 m 460 n t 
Charadrlus piuviaiis 1 it 1 m 455 

Virginiciis 11355 

Charaas gramlnis iv it 3 352 
OhasmorhynchuB iv 4 1 
Chatterers iv 4 ■ 

Cheek-pouches i 72 71, /4, *26 
129 111 192 193 

Cheeks I 37 

Cheese Fly m 17 iv 351 
Cheetah 1 88 n 10 n m 1^7 158 

I V 6 > II ist fiv 359 

I Chelmatobla bnimata 1 364 372. 
Chelionectes varlegatus 11170 
Chelrotherlum iv 4^7 
j Chellcera 1 381 Si e siso Mouth' 

I 1 irt 

I Chelidon urblca i if 1 m 4( 1 467 
Cheliler cancroides 1 389 (4^8 

Chelmon rostratus n 87 
Chelone imhr Ui 1 218 n 73 191 

I ns IV 3 )S 3/ 

I I i8 II IIT III 5S 446 447 

Cbeloilii ^ A 12 21 11 191-193, 
13 i 111 4 sf 
S iici Id 1 2if , 217 219 
I Chelonida see Ti rtic 
Cb'xlura terebrans u 22. m 225 
Chelydra serpentina n 73 
Chemical h 1 1>,( s within the body 
1 4 44 fillusl II 1 1 376 ,80 
clcmints t 33 

Chemistry 14 '7 
Chenalopez JEgyptiacus, 1 177 
Chervil wild iv it i 
Chest ->4 4^ 

Chevrotaln As m i 109, no 

illust III 150 IS 2 

VI iicr 1 109 111 150 

Chevrotains 1 u'q m 150 152 
Chiasognathus Orantll iv 159 

(illust } 

Ohlffchaff 1 ifH. Ill 185 (lUust ^ 
OhllOgnathE, 1 396 See also Milli 
pedes 

Ghllomonas, 1 489 (diu&t ) m 6 
Chilopoda I 396 See also Centt- 
pedeb ((illusl ; 

Chlmara, bottle nosed, 1 290, 391 

— monstrofia, t 390-391 11 387 



INDEX 


Sao 


ChliaWM, I 357, 390-391 (lUust.', II 
335 

OUniJurrogmle Hlnmlnyica, u j4- 
35. «« 7 > 

0 lilinpaJU 66 , 1 73 (iiiust } II 349 III 
t6o iiltusl , It) I, 494 IV 38 j, tSj 
(lllUBt ) 

Chlw^htHa, . common, 1 133 (illust ) 

- laiiigcra, I 133 IV 308 [iv 308 

Cliipmniilt, conimoti, 1 136 

dUromys. n 320 
Chlronoiiilda, n ivi, 467 46s 
dilronooms plamofluii 1 357 
dUroptera. bee Dalv 

dilrotei cuilcalatas n 76. lu 309 

GhltOli marginatum, i 340 

— polii, III 404 

dliUlM 1 340-341 (illumt ) u 34a, 
391-393 ui 104, IV 16 17 
OUai^rdtra, iv 406 
ChlaiiiyiloMurus Klngl 1 7^3 m 

133 134. 1387 

CUamydoMlaotie ansumeua 1 
Gbloropliyu. I 4^1 4')4 II I J70, a? I 
* 7 * » 73 . 379 I' ^ 5 i W> 

Oholapai dldactylua. 1 135. n 6 
OboiidrottliLa. u 19s [u 179 

diomUta. I 63, 393 393. See also 
Vertebrates 

GhordotOBal organa or insects, iv 
dlOETOld coat, I 58 (37 

Chongh, 1 154 
duromatophorea 1 313 
dUTtochlorla capenaia n 31 34 

lU 303 303 

duryaolophua Amheistise, IV 148 

— gigantcus IV 148 

— pirtus I j 7a IV 148 

duTaomela decemllneata. u an 

IV 354. 

durya omltna aplnua, 1 15^ 
Okryaopa, n T14 

— vulgaris I 378 

Ghryaoplianaa phloaaa, 1 36a 

dUTMpidK See I act viing Flics 

diryiopa caaeatiena n 119 
OkiTBoaplenJiiun iv 88 
dirjvotlurlx adurea, ■ 78 
Ghr^tozum Mdnetum, u 119. 
01 iu 1 >t», I Ai 
dnm, II 387 

Ohorn-Owl See ^^^ht jar 
dcada scptenHecini ii 317 lu 334- 
**5. 377 l8o 81 

— seventeen yen, 11 317 iii 234 335 
(lUust.), 377, 380-381 

deadaa, 1 35a 333 iilust , 
dclndda oampeatrla 1 367 u 107 
doonla alba 1 179 >> 55 ■“ i^ 

CQla See Liliuni [62 

dUaUu I 493 II J60-367 III 5, 89 

ODlated grooves, of zoophytes, n 
417 4*8 

ciliated membranes. 1 49. 149 
dUnm pi Cilia , 1 49 iHusi ), 332 
431 434 445 470 483 484. 493, 493 

II 343 346, 348, 249, 361, 3 (j, 363, 

365 266, 398 409, 417, 418, 4^ III 
4 8, 30 , 38, 39, 89, 91, 319 J 30 , jaa, 
3 * 3 # 34 *» 359 i 3^0, 364, 406 4*0. 4 -**. 
IV 103 , 173 

CliiMX lactalarlaa. 1 354 iv 190 
fliana. intoatlnalla, 1 296 (Jiust ) 
dittnlatory organa, 1 38 

— aimpbibani. i 340-344, 353-354. 
annelids, 1 437-438. 

— birdH, I i46-t47. 


dronlntoiy OrgnBa (Com/.) 

— cruBtaceaiiB> 1 408, 433 

— echinodemiB, 1 45a, 458, 463 

— fishes, 1 361-363. 365, 37J II 384. 

— insects, I 348, 11 465 466 

— mammals, 1 38-43, 67 

— molluscs, 1 308, 317, 330, 33*. 340 

— myriapods, it 437 

— peripatus, 1 399 400 

— reptiles, i 200 201 ao8 315 
Clrcixa »ruginosus, 1 174 

— cineraceus, 1 175 

— cyaneus, 1 175 

Clrolana borealis, 1 415 iiiust } u 
Clrratolus, 1 43^' (>43 

Cimpedla Sec Bam teles 
Clrrotentbldm, m 33 
Clrroteutbis. m ,3 iiiust 
CtrruB (pi Cirri), 1 4>s, 4*6. 4''8, 

461 11 146 

Clatlcola curaitans, m 4^9-4^ 
Clvet-Cata, 1 89 u 11-14 326-227 
111 156-1,7 347 

— African, i 8> m 157 (illust ) 

— Iiidiin, I 8y Mlust ) 

— palm , 11 1.-13. 22A-227 
Cladooera, 1 4*1# 422 II 2^6 m >6 
“Clama”, IV 2^4 123 

Clarke, s t . m 44S 
Claas, I 9 

Classlflcatlon, 1 7, 31-499. 
aniphibians. 1 245 

— aiiintiliiiks, I 425 

— arai. hnids 1 387 

— arthropods 1 343-343. 

— srtihcial, 111 
bibhc il i 7 8 

— birds I 152 

— b> dehniuon, i 10. 

ptdigree, 1 ii 

— typKL i 10 

— cnist'iceans, 1 410. 
echinodcrms 1 454 

lishca i 257 

— flat tsurms 1 441 
■r insects 1 350-351 

— invertebrUis 1 304. 

— linear 1 10 

— mammals i 68-70 

— molluscs, 1 311 

— nij napods, 1 396 
naturtl, 1 11 

— of Aristotle, 1 8, 6a 

— ( uvier, I 10 
Linu eus, 1 9-ia 

— plants, iv 04 

— nptilcs 1203 

— sponges I 486 

Stan Ip lilt of I 7-11 
Vertebrates, 1 60 

— primitive, i 393 

— soiiph) Its I 47 3 

Olatbrullna, 1 4/ 

Clauallla plicatula, u 300 
Olavelllna, i 300 
Clavlcepa pnrpurea, n 93 
Clavicle, 1 29, 145 207 m '*02, 398 
daws, 164 

— inchnids, 1 391 lu 276 

— birds, 1 141 190 111 263 (illust ), 264 

— insects. III 273-274, 276 

— mammals, 1 78, 87 88, 89, 90, gi 93, 

97. *33 * 34 ’ “• *°3. ^^5 

306, 244-243 (illust „ 247, 251, 252, 
*53 *54. ^36 *57. *58 

— penpatus 111 101 

— reptiles, 111 208 


deavafd, m jjS. 

GXenverat iv 97-98L 
Clegg, II I 20 -I 3 I 

doodora, IV 451 [3a 

deon dlptexiim, n 485 (iHiut), ui 
depaldrlna blEttanun, 1 489. 498. 

ill 6 (illust ) IV 3 o6 207 

Clepalne, u 149 
Climbing bli^ m 263 
Cllmblng'Scalea, m 283 384 (iiiusi ) 
Clio, IV 451 
CUone, IV 451 

Clialocampa neuatrla, 1 314 
CUtellum, 1 431 i» 360 
Cloaca, 1 69 140, 146, 193, 200, 3 o 6, 
21s 340, 361, 463 
Clover, IV 76 
Clover-dodder, iv 76 

ClUpea hartngus, i 383 lu 435 , iv 
12b, 129, 26^-264 

— menhaden, iv ,18 
piiehardus, 1 28 ) iv 365 

— sprattuh, I 28 { IV 264 

Clupeidm See Hemngs 
Clytua arietlB, n 3 14 
Cnethocampa proceaalonea. u 
Coal, 12 3 II 380 I346-347 

Coal-Flah, IS 26t 269 

Coatl, 11 229, 2JU (illust ) III 247 

Cobitla tenma, n 45° 

Cobra, coinnion, I 234 II 80 iv 339 

— guilt 280 [(illust 3)1 

“ Cobra de capello."* bee cobra, 

et mmon 

Cobraa, 1 232, 334 11 303 
COCCldffi. Ill jBi IV 350, 351, 400 
Cocclnella, 1 369, n log-iu 308, 

— bipunclita, I 366 369 1315 

sept( mpunctata 1 36^ 369 

Coccotbranatea vulgarla, 1 156 
Coccus cacti, I 353 IV a6a 
Coccyx, 1 27 ‘V 480- 
Cocblneal, iv 21%, 321 
Cochineal Insect, 1 35) 1V260 illust) 
Cockatoo, grt It bhek, 11 189-190 
Cockatoos, 1 166 L illust ) 

Cockchafer, 1 3^8 u 209 m 334 iv 

Cockle, Lomiiion, I 314 II 373 iii 

irti illiist IV 296-297 

Cockles, I 3 )4 II >98 111 180 
Cockroach, i 343 350 iiiust ], 381, 
498-499 11 toi 102 .50, 438 III 167, 
273 274 178 IV is 8 

Cockroach gregarine, 1 498-499. 

1)1 6 IS 206-207 illust ) 

Cocoons, 

- a intlui'. Ill 360-361 (illust ). 
ni itlnml iii 374, 375 

— bccllt.. Ill ^lilust ) 

Miriiil r nu sv inged inACCts, 1 370, 371. 
Ill 388, 31^9 IV ito, iia, 113, 118 126. 

— iiif ihs mu butternies, 1 360, 362, 363, 
j(4 III 400, 401, 402 $llust ) IV 259. 

Cod-Flah, common, 1 #3 (illust ), 278, 
III 425 IV 266 (illust )2 321 

Cod-Plahea, 1 278 279*^ iv 263-268 
Codonocladlum. 1 4^. 494 ). 

Codoalga, IV mo (illust ) [in 6 . 
Oalarla labyrlnthllonnla, i 47s 

(illust ) 

CoBlenterata. See Zeopnytes 
Ccelogenya paca, 1 13J 
Coelom, I 427 See also Body canty. 
Coeloplana, 1 483 >i< S 
Ccenoleatea 1 138 u 42, m 478 
Goenoaarc, 1 476. 478. 479 *01 



INDEX 


5*1 


Ocuivif on^fenllf, iv jftt. 
Ooflbr-Flihti» i 978' u 334; iv 340. 
OOfUl, iv 318. 

Oololifanuii, iv 97. 

GoX6ai»tan» i 331, 366-369; ii 107-110, 
»09-aii, 3 * 4 " 3 * 5 . 3 * 6 - 3 » 7 t 337 » 358 " 

359» 373. 439-440: iii 99-30, 177- >78. 

993-734, 3 t 3 - 3 * 4 . 393-399; ‘V * 99 - 
194. JS 4 - 35 S. 4 a 3 - 

Oolerldce. i 183 
Oollei, ill a66 267 
Colins nuicruras, iii 367. 

OoUax Animalcules, i 494. >> 367- 
Collar-bone, 1 99. ni aoa, 998. See 
ako CUvtcle 

Collar-cells, 1 484. 486. 494. » 
CoUard. A O., IV 292 

Collembola. > 384-385: Hi 176. 
Collocalia, m 462 (lilust ) 

ColoW, 1 73 I” 3*5- 

Coloborhombus fAsdatipennls, 
Colobus gnereza. 1 73. >» 237. 338 
Coloration, i. 16 Sec also Wamiiig 
coloration and Courtship roluration 

— amphihians, i 2j8, 251; u 291, J04- 
305 III 288. IV 153 

— animalcules, n 267, 973. 

— annelids, ii 308. 

— arachnidii, i 390; li 299 300, 308: 

— aso-l.ins ii ^06 li> ifi8. 

— birds, i( 2/9, 281, 99^., 295 
309-311. Ill 450. 465, 47 >. »v IJ2- 
> 34 . 148, 387 j8«. 390 - 

— Itirds' cygs, 11 285 286 

— crust.iceaiis, it 278, 279, 292 293 , 

III 175. IV 1O8-169, 444-445 

— fishes, I 2fx), 274, 275, 276, ii 84, 
983-284, 291-292, 296, 305- ^c/t, 4J1 

IV 154, 155, 156, 157, 15&-IS0, 171. 
269, 270, 271, 272, 273, 442 

— flat worms, n 271. 308, 446, iv 203. 

— insects, 1 j6i, 363, 3^4, /i/i, 3O7, 
368, 369, 376. 11 117, 118, 28(1 2h7, 
*93-294, 296- joo. 107 30S, lll-Jib, 
360, IV 1 {IO-i62, 176 

— maininals. 1 04-65, ng ii 7 g, 18- 
19, '22, 178, 279, 281, 289 290, 2i>5, 
302, 324, 366-367, III 488. IV 140, 
145 146, 235-230, 2^g, 244 

— molluscs, I 313. II 285, 292, 2yb, 
306- }o 7 . iii 37 

— pi, lilts, IV 81, 85 

— reptiles, 1 224, 212-233, 234-235, 

246. 11 81, 281 282, 290 291, 303-304, 
311, 344-345. in 211, .12, 2S7. IV 152 

— rcvci>.ed shading, 11 282-284. 

— zoophytes, 11 272, -sSs, 308-309, 361 

Colossendels, iv 447 |d>n''t ) 
Colour-bodies, 1313 
Colour-schemes See Coloration 
Colpoda CUCUllUS, m J2I (illiibl ' 
Coluber guttatn.s, IV 328 (322 3 ' 

-- longissiinus, III 270 

Colugo, I 80 'illusi ]: ill 281-282, 48 
Oolumba iivia, i 139, 167. II 184. IV 
250-251. 487 

— cenas, i 167; ii 185. 

— palumbas, i 167. ii 185. 111 458 
Oolumba, 1 159, 167-168. See also 

Pigeons. 

Columella, i is^ 

Ooly, long-tailed, iii 067 (illiist ). 
Colymbus arcticiis, i 185, ii 54: >» 

— gl.'icialis, i 184. [60^ 66. 

— septentrionalif, i 185. iii 66. 

Comatula rosacea, { 460. 461; w 

964-965, 413, 4 t 4 - 4 > 5 : i’» 33 - 48a 


Oemb-Jelllea i 473 . 483 (iihut), ii 

> 5 S -’*56 uHu>t 1 . 278 , UI 5 , 19-20 
(illust ). 1 1 84 

Co mm e nBallSTn , iv 74 - 75 , 170 - 183 , 

— crustaceans, iv 172 - 174 , 179-182 

— echmodernis, iv 172 [(illust ) 

— fishes, IV 170 , 171 . 

— iiisecU, IV 175-179 (illust.) 

— molluscs, iv 172 - 174 , 183 . 

— siphon -worms, iv 182 . 183 (illust ' 

— Sponges, IV 172 , 181-182 

-zoophytes, iv 171 , 172 , 179 - |gi, 

182 , 183 (illust ^ 

Comparative method, 1 12 
Conan Doyle, i 121 - 122 . 

Concha See La r> flip 
Conch-Shell, iv 397 . 

Condor. 1 175 : iv 432 
Condylarthra, iv 47 a- 
Condyles, o<cipit.ii— 

— .imphibians, i 66 

— birds, 1 66 , 143 . 

— m.'tinraals, i 28 - 29 , 66 , 123 , 11 176 . 

- reptiles, I 66, 193 |j,5. 

Condylodelra tricondyloldes, n 
Condylura crlstata, u 37 . >n 

IV 41 b. 

Gone-Shells, 1 321 ; ii 357 : iv 340 
Confucius, IV 244 [274 

Conger vulgaris, i 283 , Hi 434 , IV I 
Conies, 1 68 , 103 104 . Ill 248 250 , IV 
47 *. 

Conjugation of Animalcules, m 

323 - j 25 (illust ) 

Connective tissue, 1 95 , 46 (>. 
ConolophuB suberistatus, n 192 
Conops flavipes, n 1 19 
Contour feathers, 1 142 , 143 , 153 
Contractile vacucle. See PuU.it- 

ing vacuole 

Contractile vesicle, i 43 s- 
Conus, I )zi 

“Convergence”, m 193 * 208 , 213 
Convoluta RoscoffenslB, n 271 
Cony, Abyssii)i.)i), I 104 (illust.). Ill 
Syrian, i io| 1 350 . 

- tree. 111 250 • illust ) Sec also Conics. 
Cooke, >i Ill 106 , Iv 215 , 322 . 
Coot, i 171 . n -p', 295 , iti 61-62 

^illust ), 128 , 456 , IV 147 

Copepoda, 1 4 >o, 430 , 11 144, 254 255 . 
Ill 25 - 26 , 363 , IV 196 - 197 , 263 - 284 , 

CoplUa vltrea, iv 452 . U 52 

Coraclas garrulus, ii 6 o- 6 t. 
Coracoid ixmc, i 3 ».>, 69 , 145 , 187 , 

process, i 29, 69 (illust, • [m 298 
Coral (2 1 111 sec (.'orals' — 

- antirr-, 1 475 (illust ) 
br.un-, i 47 s (illusi ) 
clove-, i 475 (illust.) 
hedgehog-, I 475 {illust ) 
m.idrciwc. 1 475 (illust ). 
milleporp, 11 160-161 (dliist) 

- mushroom, 1 475 .illust ), 476 . 

- organ-pipe, 1 477 - 478 , » 34 >t 4 > 7 ' 

- red, i 93, 478 (illust.). 

- shrub-, i 475 (ilIusi ) 
sun-, I 475 (illust.). 

- tuft-, I 475 (illii-t ). 

Corals (and set ural), 1 465 , 47 . 3 . 
475 f 476 ; ii * 58 - 159 . * 7 ;*. 385 . 30 S, 
338 , 353 F 109 , 199 , 44 o- 44 *> 446 . 
447 - 448 , 459 , 464 
Coral-Fish, iv 437 , 438 (illust.) 
CorallimorphuB rlgldiu, ni 3.53 

(ilfust. ). 

GorfOllum mbnun, i 23 (illust.) 


Coral polypM, i 23 (Uiust). 
Cordlceps, IV 77. [(illust ). 

Corethia plumioomla. iv 37 
Cormorant, black, i 181 ; ii 48 : ui 

63, 64, 471 (illusc), 

— green, i 181, ii 48; iii 63-64. 

Coraoranta, i 152, 181. ii 48-49: 

ui 69-64 

Corn-Crake, 1 171 ; li 940 (illust }., 
Cornea, i 58. [3<^ 

Com nirlps, I 355 (illust ); ii 916. 
Com Wolf See Moth, com. 

CoroneUa Isevls, 1 932. 
Corophildss, m 3C9. 

CorpuB callosum, i 52. 68. 
Corpuscles, colourless, i 38, 49. 43, 
49. >49. 46ft 488, 11 269. Ill 3, iv 79. 

— red, I 38, 147 

— touch-, I 53-54. 

Cortex, cerebral, iv 23-23. 

CorVldSB, 1 i53-*S4. » >871 235-237. 
Corvua corax, I 153, IV 347. 

— comix, i 154 
(orunc, I 153 

fnigilegtis, 1 153, 11 935-236, IV 130- 
monedub, i 153. (iJ2. 

Corydaloldea Bcudderl, n 462. 
Corythalx leucotls. m 263 
Corythopanes crlstatna, 1 933. 
Cosmia trapeslna, u 252. 

CoBsuB Ugnlperda, 1 363, iv 35a. 
Cotlle rlpaila. 1 161, lii 453 
Cotlngldse, IV 431 
CottidSB See Gurnards 
CottUB gobio, I 374. IV 273. 

— scorpius, i 374. 

Cotnxniz communis, i 172: ii 939. 
Courtship and mating, iv 143- 

— amphibians, IV 159-154 (144. 

— .arachnids, iv 166-168 (illust.). 

— birds, IV 146-151 

— crusuceaiiH, iv 168-169. 

— rishe.s, iv 154-159 

— insects, IV 114, 118, X 9 I, 159-166 

— mamm.iU, iv 144-146. [(illust. ) 

— reptiles, iv 151-152 

Courtship coloration, i t 6. iv 40a. 

-- amphibians, iv 153 

— .I'lchnifb, IV 168. 

IV 1 48 

— c I staceans, iv 168-169 

— fishes, IV 154, 155, 156, 157,158-159. 

— insects, IV 160-162. 

— iiiaminaN, iv 145-146 
reptiles, iv 15a. 

Covan. IV 957, 258. 

Cowries, i 391 (illust ), iv 322-323 
Coyote, 193- [.illust.'. 

Coypu, Ml 74. 

Crab (and sec Crabs) — 

— Apilirson’s blanket-, iv 180-181 

— K.ir-, I 411 (ilhist ) [(illuM.). 

— huRoon, 111 172. 

— cucoa-iuit Sec Crab, robl>er 

— coiintiymaii, 11 220 

— dcmon-fai ed, in 171, 172 (illust.) 

— devil. 11 338 

— droniia, i 411 illu-t ) 

— edible, \ ,11. li 140, 337-338. 403- 
404 . ui 366 367 (illust. } : iv 998 (iRust. ), 

— gulf-weed, 11 140. [999. 

— musical strand-, iv 37. 

— northern stone-, 11 338 (illust ) 

— robber or cocoa-nut, ii aao-aat 
(illust ), 469-470 III 170-171. 

— shore, i 419; 11 140, iv 197-199 
(illust.). 
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Onb (Cm/ ) 

— spider, I 4it (tllu^t II a87>389 

— yponge torn ii ui iv i3i 
Aiidam^n t% i8i illust ) 

— fi4jue>iL.er iv ^7 

— swimming; or tid Jler 111 a8 illu^t 
drabs. 1 41? II I j8 141 40J 404 44 < 

469 470 in ^7 .S 170 17 , 175. J77, 
33*. 365 j'/. 36a »v 14 15 o 4^ 
3?g. [140 UI 171 

— kwift land r '>« ft f ctcd sind 11 
Crake <>p >iic i 1 171 

Crampe iv 4S1 

Crane iv^iumn, 1 171 nl n ?4i 

— cn.xvnec 11^41 illust L llusi ) 

Cranes i 15 " '>4'-' 4 4^7 

Orane-FUes 1 ^ n n lUu'.t 

ai5 216 IV isi illiisi 

Grangon Tulgarls 1 412 u i 7 ^ 
298, 299 3«- 
Cranial rtexurt > o 

nervt^ » 3^ i in 

Cranium s ) • in i < 

Cranmer is .tu 

Crayfish I 111 n r ftLshwiiLr 1 

412 11 I •* e ill 1st 4 4^11 
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fat, IV 344 '> 4 s illust 

Doto coranata, n 2 it 
Dotterel, I i6(a 1114^5 illust 
Donble-Eyea, iv 47 48 
Doable -tube arrangement. «f 

vertehraUs i 34 6r 3c ) 

Dove, ring i It 7 

rock , I if 7 and sec 1 igc 1 , bine 
rock 

— stwk , 1 1^7 II 1S5 
turtle , I 167 11 1S5 

Doves 1 167 IV I 
Down-feathers iWf3 
Draco volana, i u -'S- 
Dragonet, geinmcnux II J V IS8 

— sordid, IV 158. I i list 

— spugled, iv 158 i5>. 

Dragon-Fly, demou^c i 376 

-- great i 376. 

Dranron-FUea, * 174, j76 u i 14 n 

464 46s m 311, iia, )n ill i t 
383-^5 {*Hi»t-) »V 4 3 

Dngone, flymg, > * '' » < 7 
Drake, gray. * 376 *ihisi 

— green, i 376 
“DrtUs”, IV 34*1 

Dronuaus Nova HoUandlss i ii^'^ 

II 243 »> * P 441 4 

Dromia 1 4" (<thi > 

Drone-Fly, n m -'6 3'i 4»‘ 4 m 

illust) III II 

1 Drones, >v 2'/ < dinst 2 o 

' Droseracese v w t y 
"Drum” I I nr, I 57 II lb6 387 

Dryandra iv ’y 
Dryiophldse n 79 
Dryophls, III 77' 

Duck, f< rnij,in us i 176 
^ il J« I cyr 1 17^ 
mug talk 1 1 i7t 
. u 1 r 11111 V j 1? r-i 
H( mer ui 60 

i ifi. I I 17^ 1 748 

— will 1 176 kU 58, 467 (illust IV 

Ducks (“ind see Duck) 1 152, 176 *77 
11 f (illust ) 237-''38 hi 58 50 6 t 
IV 26, 147 1 38, J47-*48 
)d r tfi IV J08 lOO 
- s tmmon ui 59, <« illust 11 60 
(llluit ), 309 ill IftL) 
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Duoks (Cm/ ) 

— eider (<vh/ ) 

Scandinavian, iv 309. 

- shoveller, i 176 
Duck-Bill. See Duck Mule 
Duok-Mole, or Duck-billed Platy- 
pui, 1 69, 70 (Ulust ), 14} 11 44. J ^ 
III 6^70, 473, 477-478 IV 21 1, 21 

Duckweeds, iv 95 [481 483 

Duct — 

bile , I 37 

— thoracic, I 42 
Ductless glands, 1 41 
Dttgong, I 102 11 173 174 (iIluDt > 111 

<ji 8a, 490 iv 313 314 

Dumble-Dor, 1 3^8 
Dunlin, 1 169 
Duyker-Boluh u 36s 3^ 

Dwellings of Animals (see also 

Nests), I 18 111 143 

— annelids ii 357 a-,8 iii 358 

— arachnids 373 . 174 377 

— crustaceans, iii 368 369 

— echinoderms, iii 35s 136. 3S7 

— insects, II 116 111 j8f> j8i, 390 391, 
39*1 393, 400 IV 109 III Ml 112, 
115-117, ra-* 1^4 I 5 

— mat 4 /~i78 4'^ 482 4S3 

485, 49 *- 49 a, 494 iJS, t b 140 

— molluscs. 111 407 411, 414 417, 418 

— nemertinea, 111 419 

— reptiles, 111 444. 447, 448 
-■ wheel anim ilcules iv 75 

Dynastes bercules, i )68 
Dytiscus marginalia, i 367 j68 n 
108-109, 439 29 IV 16 

E 

Sigle, fishing See Osprey 

— golden, 1 174 iv6i, 3/9 370 'illiisl ) 

— white tailed, 1 174 

Eagles, I IS2, 173 175 'v 347 

Ear, 1 56 sg and see Heinng, organs 

of 

Ear-capsule, u jSo 387 

Ear-flap, 1 57, 81, 96 m 74 iv 7 
‘ Earlet , 1 82 

Eartb-Wolf, 1 87 91 9' ill 1st II ii; 

Eartbworma * 4^1 if’7 4' 8 n 

* 59 . 328, 444 44-- I 1 3 2 - 1 

iliist ), 360-361 IV *5 ) 4 4 f 

98, 339-330 

Earwig, 1 380 3''i iiiii'-t '12 I i 

III 16; 377 378 (ill I'ii I' 44 

"Eating-cells , u <; 

Ecbldna, 1 70 >> 4 j 41 >• rs >v 

— aculcata, lu 47', 4;-' 1 n 1 

Eoblnocoocus veterlnorum, iv 

342-343 lillust I 

Ecblnodermata See 

skinned Animils 

Echlnoldea, i 454 'so s, , 

Urchins. 

Ecblnomyla groesa, n mo 
E obinopora gemmacoa i 

(Ulust ) 

Knhin ^rhyn nhlilm See I lihiT 
headed Worms ^ 

Sohlnorbyncbus. 1 449 

— gigai, 1449. 

Eebinus esoulentus. 1 4^ » 4* 
Echinroldea (and Ecblurus 1 1 , 

11 149 152, 410. 

Bdton drepanophors, ii lo, io6 

— hamata, n 104-106 iv i-^o 


Economic Zoology, 1 15 iv 208-330 

394 400 

Ectoderm, 1 467, 468, 470-471, 474 

484 III 339. 34a 344, 345 35 ^ IV t 

7 8 20, 24 .5, 30, 31, J3, 34, 35 41 

Ectoparasite, iv 76 (46 47 

Ectosarc, 1 497 49 
Edentatfii, 1 68 136 u 41 42, 17^ 
180, 234, 322 327 341-342 111 "33 
257, 482 IV 4^1, 4 ., 4JO. 473 474 

Edriopbtbalmata, n 141 uj 
Eel, common, i 283 (illiist 11 417 448 

1 “ 214, 433 434 IV I S' 74 

— conger, 1 2P3 111 434 iv 32 274 

Ulust ) 

- electric II 86 87 illust 
Mediterianean riiurLn3 i-»83 84 

Eels, I 283 284 III 4 { 272 IV 274, -8:, 

Eel-pout, 1 279 
Eel-Worm, beet, IV 303 Ulust / 
root knot, iv 363 
stem IV 363 

Eel-Worms, iv 78 iv 36 ■>63 
Efferent brancblal vessels c r 
efferent gill arteries, 1 242, 20 
Efferent nerve-flbres, 1 :,i. 52 1V9 
Effodlentla U44 

Efts, 1 46 'lee also Newt® 
Egg-bags, 111 303, 37 . I?-! 
Egg-capsules, m ^78 UKist 412 

illust 41, 418 Ulust ), 424 Mlust ) 
42s ^illust ) 

Egg-cells, 111 M5 ) 37 , 33b, 340, 344 
343 347 IS2 353 4«4 478 l\ 84, 85 
Eggers See Motlib lappet 

Egg-glue, III )(-■, 

Eggs ^nd tgg - producing or- 
gans 

— ai n,liibians, III 433 415 Ulust 4 

4 37 Ulust ' 438 pj Ulust 44 441 

— annelids 111358 ro 3'" 1 (432 

arai hinds iii 3 iv lyb 

IS 111 ans 111 I I 4 

I iris i i-ii il ijsi lit if I I'-s 

igi II 2b', i' 111 t III 4b 447 

lIlU t 44S 44J 4 I 45> 4 

II t , 4 I I s 4 1' 1st 4 '‘i 

I 4^4 4' 4'' 4 '' >' t-* Uln i 

I 1S7 iS 214 4 s 

r sti I ms Ml ( 4 

t IV y*? 

II ’ C 1 ^4 °4 III 4 III 

Iiliis» 404-4 , 4 u 

I ( ( ’I 7 

"7 S I I 

r* w 11 IV 1 ■, I, t , 'll 

til c s 1 414 

1 tits I IS s s f r 

71 1;' 7 “ 11 4(4 4 f 4 7 

111 13 hi -(III 

3 *- 01 ,I I v-J ,M 4 

I 4 I lllhl I IV 11 Ml, MS 

I 1*1 MQ I-'t igt lllusl I, 19 

U4 -,1 254, \^i S4 
kini, rib III 3fo 
Un tict 1 234 

mirrm' i f 3 nl 47 ■•■’4 b 

molluscs, I 314 111404 4 5 t" 
412 4t3(illlist ,414 417 418 Ulust 

- myriapods iii 371 373 

- nimcrtinrs, ni 419 
penpatus, 1 1 372 

leptiles 1 2if> 111 444, 445, 446, 447, 

4i8 V 4 

- tap V rms I4 

thread uctms, iv /ob 

- jopphytes 1 472 479 


Egg-sacs, of Cyclops, I 420. 

" £gg-t00tb", of embryo reptiles, lU 
445. 44^ tlhist , 447 
Elder ducks, 1 176 [iv 439. 

Elaps corallinuB, 1 234 n 79. 303 
Elasipoda, III 96 97 IV 447 

Elajunohra-Tirhli^ 1 257, 284-29a 

^er also Sharks md R i> v 
Elaterldie. See beetles, click 
Elbow-Joint, 1 30 
Electric organs, cf hshes, u 86, 91 
Eledone mosebata, 1 315 u 04 m 
418 

Elephant, African, 1 ic j (Ulust 11 
17 J IV 242 243 

Indian, 1103 11172 iv 241 242,243, 
ilIusL , 366, 3(7 

Elephants, 1 t>8, 102-103, ti t7t-t73, 
32t, J49-350 «» *53, 490. *v 2ia, 

24* "43, 334, rt, 394. 395, 424, 47* 
“Elephant "-shrew, 1 bj, 8 • (Ulust 
11 r 38 111 197 I j8 246 
Elepbas Afticanus, 1 103, u 172 iv 
242 *43 

Indiciis, 1 103 II 172 IV 241 242, 
24 3 366 3f)7 

— piimigemiis, iv 394, 475 
Elk 1 112 III 152 

liish IV 47i ilh St ; 

EUlOt, H W iv 31 5 
Elysia vlrldis. u '>92 
Elytra smg Eli'^tron,. 
innclids, 1 429 11 408 
inset Is See NViii^ covers. 
Emarglnula, n 394 
Emberlsa cirlus, 1 156 

V itriiiella, I 156 
mill irii, I 156 
shociMclus, 1 15O 

Embryo and see also Development, 

I ifc Histones, f^c / ( Ulust ) 

iinphibians, iii 439 (illust 443 
iishcs. III 425 (Ulust ) 426 illusL 
hncclet iii 344 345 (illust ) 
mimniU 111477 Ulust) 
iL| tiles 111445 446 (Ulust } 

t vpe w ns IV 2:>-, 

V r cl I I cs 1 ( II 381 38’ (Ulust ), 

/ iph^tcs 111140^41 [42 >-421. 

Embryologist, Sian Ip mtrf I 13 14 
Eml’^yolOgy St*i Devd pment 
Emeus, 1 i->7, ib8 iS> 11 ^54 111 128, 
130 44 1 4 

Empldae, m i 

Empusa muscse, iv 70 77 (446 

Emya orbicularis, 1 nfi m 54 1.2, 
Endoderm, ■ (C7 4^ 470 474, 

I 3 4)V II 7 Ml ,30 3t-f, 34+ 345. 
£udopar^Blte, iv 76 |iv 6 

Endosarc, 1 4 v ,493 
Eudoskeletou - 

1 I 1 hibiuv-. 3 >, 351 

1 ir 1 I 14 , I , 1 187 

hshut> i g bi, ryt 

111 uiim ll , I 25 6f 67 [301 

— friMii’ivc verirl Ttes 129 ,298 290, 

r I lUe ’;3 *09 205 214 >1^, 

229 230. 

Energy-— 

'tctii ll or kinetic, 1 44 

— potent ul 14 

EngrmullB encraslcholus, iv '^65. 
Enoicyla pusllla, m 386. 

Entellus Monkey, 1 72 73 Ulust ) 
Entomostraoa, 1 4*0 m 2h 35^ 

^ce also Crustacea, I ivilt 
E oMa \ 306 (lUust I, u 06 357 
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Eophrynus, \r i&t illust) ] 

SoiOlC epoch. IV 457 4sB 

Epelra dladema i (93 n la-' 

ij 111376 IV 44 

Ephelota gemmlpara m ^ > 
Ephemera iIjiuli i 70 Killust 

— vul^jti I I 6 II 405. 

Ephemerldas 1 ^7^ 377 u 115 
Bphlppium 111 it r4t>s 

Sphyrte 1 4'^ m t itiusr 
Eplcrlum glutinosum 1 5 
Epidermis (sei. jIm stm i ( 

04 IV 

Epigenesis ixtine 1 1 
^>lgl0ttl8 I4C I 4 ^W 
Eplnephelus hexagonatua v 4^- 
Eplpodlum I 3-14 4ji> 

EplpOdS >1 4 I 4 ^> 4*^4 

Epipublc bones 1 tx, m ^ 8 

^iBtylls IV 79^ I x» illu i 

Epithelium 1 118 40^470 >1 
Eftnua I 1 y; m 44 

— Alnuanu^ r l eniopus i i iv 

— asii u IV 1 9 

— Burcliel i i i IV 

— cal aII J.V 1 ( 7 II 165 O 1 I Ij2 
134 140 147 IV 21, 218 506 

— oiiAgcr i I 7 

— FizewaNkii iv 2 4 
tarpan 1 107 

Eretblzon dorsatus 1 m >1 1 

Eretmophonia iv 8 ^ liuvi 
Eiinaceus Europseus u 32 j 34 

lU 4 b 4 

Erlocampa limaclna iv <36 
Erlodes arachnoides 1 77 
Erlstalls tenax 1 119 210 14 

4*1 *4 

aithacus mbecula i in 
E rmine i 7b n . li ivt ^ v 
Errantla ■ 42.2 1 3 

Eryclna ■ luS iliusi , 

Erythrlnus n 4 2 
Eschrlcht n 7 1 St 

Esox ludos I 283 n 34 IV 43 l 3 r 
Esquimaux, iv lu m 3 24 

2 1421 

Ethiopian region iv 41 im p 
E ucyrtldlum ^9 u'l im J ■ 

II r [4 

Eudromlas moiinellus, 1 169 m 
Sudyptes lU 
Sudyptula minor 1 
Englena vlrldls 1 4S9 •»<>'> ^1 * ( 

II 2^7 272 iii^ 8P 8 7 IV 4 j il list } 

Eugiossa, 11 2 2^ 

Eomeces Schneldeil, n r-' 
Enmenes arbustomm m 19* 
Eumenlds m 192 t 

Euneces mnrinns 1 233 u 79 m 

5 IV n8 319 * 

Euphorbia, iv 80. 

Eupleetella 1 4^6 iv 446 
Enplotee m 88 (iiiust ) 

Enrypterlda iv 4( i 463 (iiluse.^ 
Enscorpiaa Europmus 1 387 

Eospongla offuinalis I 486 487 III 

— ziimiia IV 324 (326 IV 334- 

Enstachlan tube 1 57, > 

Eustrongylns glgas, iv 36a 

lutherta, I 68 and tec Mammals 
Buthynsura, 1 317. 3^4 238 
Erans a H , u '>41 366 m 466 

iTerltt. Nicholas, IV 476 

Evolution - 

— of sestbctics IV 403-407 
of air-tacs, it 439 


Brblatlon (Cm/ ) 

— of birds III 185 [30-33 (illust ) 

— of brain and nervous system, iv 6 
oi crust 4(.eaiis in ^64 365 

c t e vr V |8- jg 
f gill ckfts III iSr j8a 

of giU V lieik 111 182 
f hufiiaii civili/ii I IV 3 t 
insects II ■»! [42 453 

Ot luigs I 47 2C4, ( ) 11 4 I 4 2 

f III til n Js 111 i4t 1 4 is^ \ 
474 4 b 481 IV 471 4 471 

( i mctav 1 1 1 J I 1 4 
of J rn hult-s 111 Hi 4, 8* | 

of ii,St rm s IV 4 41 41 p 

i ic ch I 1 1 [ till St 

I I Ml igs ( t insects 111314 ji4 

Evolution theory.i 1 2 17 iv (77 404 

irgi nent iri-iii clas iti uin 1 48 

devclopne i iv 482 (4^0. 

form and structure iv 480 48 

go*’ aphical distiil 1 101 iv 

48 

geol gical ICC iJ IV 4bi 

— h-rt lU\ IV 4 >2 4^4 

»ai r > cit ti V I J 40) 
s i| I )en entar> tut r iv 4H4 igi 
I vanati n iv 491 4 Ip 

Ewart. L sstr 11 14 IV 240 
Excretory organa 

1 1 3 1 ii I I t 51 
ai I il les 1 4, 4y 43) 
annelids 1 433 420 
ascidin v, IV I j 6 
I r s 1 T40 

— cru I let -ins 14b 416 42 

echin den 1 43 43^ 458 4'i9 

4Cs 46 

fish s I 58 f I 272 384 
H It won IS 1 44 
u sects I 1 19 

— I imp sh Is J 440 

I n in Is i 4 4s 47 48 
m 1 St I ^ t 331 333 
I p V pcs 1 438 
It inert ncs 1 40;, 

— frriprius 14 1 

re) tiles 1 lyg 2io ^ 215 227 
Mf h n worms 14 444 

tl lea 1 worms 1 44 i 
Mhcel animal nle 1 4 5 

Excretory pores of Sea-Flowers 

Aiithozoa i 4'’4 [1331 

Exhalent aperture cf molluscs 
Exoccetue, i 37s 776 m '’88 

volirans I 376 

Exoskeleton 1 25 and see Shill 

impact Vales &r 
am[ hit tins 1355 111314 

— buds I r4r 14 j 

Ciustaccans 1 40^ [in 95 97 

rchinodemis 1 453 456 460, 464 
fishes I 258 259 266 '•fg. 

— insects, I 46 

— t iimnials, 1 35, 63 65 

— reptiles i r92 193 2 5 313 3r4 
spider like animals ^arichnids), 1 
185 386 

Extensor muscles, 1 to8 and see 

Muscular system 
Eye camera, iv 44U^, 47*48 

— compound, 1 34® iv 43 44 (illust) 

— pineal, iv 47 (illuiit ), 48 

Eyeball 1 57 s8 (>iiuit ), 363 
Sye-cupe, IV 41 (illust ), 42 
Eyelid, third I 140, 151, SOS. 74 

IV 481 


Eyelids, > 57 925 , 996, 336 
Eyes See Sight organs of 

Eye-spots, 1 4Jb, 480 III J59, 3®o; 

IV 40, 41, 43, 46. 


F 

Fabre, n 10 m ,87 392 iv 53, 54, 
loH 192 19, 

Face. 1 28 2 73 7 > 75 
FalCO rvil II I 174 

peregni u i 174 
sublutot 1 174 
linnunt iliis 1 174 
vc&periii IIS 114 

Falcon, ptitgii c i 173 (illust) 174. 
red n le J 1 174 

Falcons, 1 171 ■ 4 14/ Must } m 

)25 jof (ill 1st IV I 

False gill, 1 2r 1 270 II )8o (133 

False Scorpions 1 )87 ib8 ,69 n 
False Spiders, 1 8/ iSs m ,69 
False Wireworms*', II ig m 35 
Fane, I tJ\ \u)i.usl'l IV )f S 

FabClola hepailca, 1 443 hs ivaoa, 
Fats, I 1) I 38 i )f o 361 

Feathers, 1 14 14) illust 147 154, 
iS' pS III 97 joi IV 248 249 
) r vv 11*1 (J vt 1 1 178 17; (251 

I u t 111 76 3 I 
slccnng 11 j( 301 

Feather SUrs.uM 4^ 46i(illust / 

II 413 4‘4 4'*; <4 fb 8 *3 

lliisl 7S tllii t 379 3 8 IV 199 

Feather tracts, 1 14 (482 

Fecundity u 45 347 m 3^2, 435, 

4)6 482 483 1 74 W7 486 

Feeding hablta See Fotd 
Feet te ilso \).pcnlages and 
Digit - 

— am) h t tns m 4^ 48 49 
am I ni Is iii 2 ( 

— I ir s 1 1 I t 164 ifl 184 

III 58 illust ) 59 f 1 ( 11 SI 63 65 

I lu t 6C I 7 12^ lu t 2jr 2/3, 

llusi 64 65 ?j6. 

insect III 222 223, 373 376 (ill 1st ) 

IV 254 (illust ) 

— rnn mals 1 24 32 iii 71 72 73 74, 

75 76 77 79 81 «i5 ‘Hust ), 158 
(illust .31 234, 238, 34? (illust }, 

243 244 248, 249, 353, 958 959 2®o- 

— reptiles lu 5 > 268 270 (illust ) 
FeUdss bee Cats proper 
FeUs oafTra iv 222 

callus I 88 IV 233 333 384 
roncolor, * 88 u 9. [384, 386b 

— (lomestirus, 111 157 138 iv 333-333, 

— Ico, I 87 11 9 IV 331, 369 371 

— leopardus, 1 87 88 

— maniculaia, 1 88 iv aas, 333 
onca, I 88 

pijeros I 88 
paiithera, 1 87 88 

— pai Jahs, iv 429 

— ligTM, I 87 11 7 9 IV 33 -313. 371- 

— vtverrina 11 9 ui 75 76 (37a 

Femur, amphibia, 1 341, 353 111 183 

— birdii, 1 144 

— insecta, 1 344 111 163, 176. 

— mammals, 1 31-33 

— reptiles, 1 197-198 

Fenestra ovaUi, i S7 
Fenneo, 1 93 (iiiust ), 94 n 19, 379. 
Fam-OwL bee Night jar 
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**FeiTtlro’*, III 437-438 (illutt) 
P«mt, 1 98 IV 369 
FeUook, of horse, iii 140-141 
FUMT llbetlllOUl, 1 130 lit 73 IV 
307, 308. I183 

nonlft, amphibiant, 1 341, 353 lu 

— mammals, 1 31-33, 133-134, 135, 137, 
131 111 134-133. U«, 143. *49, 153. 
158, 190, 194. *37. as8. 

— reptiles, 1 197-198. 

Fleldtkre, 1 159. lu 463 
FUarla medlnantli, iv 343. 
FUe-Flaliei, 1 377-378 
FUe-Shftllt, lu 3^37 (illust ), 408. 

FiloplumM, 1 143. 

Fin, adipose i aSs. 

— anal or ventral, i 357, 371, 373, 378- 
379, 283, 385, 388, 390. 

— caudal, 1 357, 358 and see Tail fin. 

— dorsal 1 357, 370, 271, 274 
- peitoral, 1 358, 266, 271 

— pelvic I S58, 366, 271 

— unpaired, 1 257, 358 

Fins of amphibians, iii 45, 46. 

— arrow worms, in 3i 

bony fishes, 1 270-271, 373 274, 
375 376, 277, 278 279 280, 282, 283 
III 41-43 115-116, 182, 372, 288 289, 
427 IV a® 9 * j9 273, 275 

cetaceans, lu 84 

chimaeras, 1 290 

lancelet, 1 294-395. 

lung fishes, 1 364, 365, 366. j 

—• — molluscs, III 33 

<— — round mouths, 1 391, 392 

— sharks and dog fi^es, i 357-358, 
383 III 40 41 

— - skates and rays, 1 388 m 44 
Flnchm, 1 156 (illust) u 187- 1B8 iv 

— desert, 11 379. [15a 

Flncen. See Digits. 

Fln-rayr, 1 261 m 115, 118 
Flre-cyllnder, iv 106 (illust ) 
F!re-Fll««, II 333 IV i6s-i66b 
Flioher, iv 315 

FULeriei, iv 279-388 

FUhei, I 13, 23, 60, 63, 257-293 11 

83 9*. 194-195. 283 384, 391 292, 
396, 305 306, 333, 330, 334-335. 355 
357 383-388, 431 433, 447 456 111 
40-44, 115-116, 182, 3»4, 272, 288- 
*89. 4aa-434. iv 3*. 3® 39. 46, 47-48 

138-129, 154 159 >9^197. 300-301, 

ao4, 305 , *14. 2 ^ 1 - 379 . 3 i 7 3 * 8 , 339 . 
340 348, 379-381, 393 - 393 . 39 ^ 397 , 
417, 419, 431 , 438, 433 437-438. 44»- 
444 448, 463, 468-487 

— bony, I 359, 366-384 See also Ga 
Holds and Teleosts 

— — cartilaginous 1 359, 384-990. 

— evtinct, IV 463 (illust), 466. 

— firm jawed, 1 373, 377-378. 

— soft finned, 973, 378-^80^ 

— spine-fiiin^, 1 973-976. 

— tube bladdered, 1 973, 980-984. 

— tuft gUlci* I 973, 

Flili-luttfftiinf; 1 15 IV ^-988 

FUb-Bawk, IV 61 
Flaltlnc-vtOfT. > 374 u 84-85 (Ulust) 

Flili-“LtM*, It 144. >▼ >98-197 

(illust ). 

Flfb-Unrdi iv 468, 469 (lUuit ) 
**Fli]i NiiwU”, 1 347-948. 

FiMlon (aec also avclopment), ui 
318-330, 335-338, 397-336, 3*9. 330, 
333, 35* »v 99. *oi, 105 

— multiple, tu 391-399, 393. 


I FlSflpedla, 1 86-98 See also Cats 
■ Dogs, Bears, &c 
FlfiureUa Oraca, 1 333 n 394 
Flacellata, 1 494-495 >1 *66 267 

368 lu 8 

Fla« 6 llum (pi Flagalla) 1 471. 484 

494 . 495 . 498 »> ^ 86 , 267 273 274 
III 4-5 (illus.! ), 8 , 322 , 334 , J 35 IV 
101 

FlamlnfO, common, 1 177-178 UI 
460 461 (illust IV 377 (illust ), 378 

FlamlngOM, 1 15^. 177 >v 178 
Flat-Fishes, i 6., 61 (illust , 279 
280 II 284 391 UI 43 431 43^ 

Flat-Worms, 1 304, 441 447 n isi 

152, 271 , 308, 361 445 446 III 7, 20- 
21, 329, IV 200-205, 268 -70, 342 
343 . 360-362 

Flea, common, i 358 u 122 (illust ) 

III 178 (illust ) 

Fleas, I 355, 358 « 322 111 178 314 
Fleure, H Jf iv 35 [iv 19.1 

Flexor muscles, 1 407 m 361 
Flies, two winged, i 351, u 

119 (illust), 130 - 123 , 215 216^ 2 * 
252 (illust ), 314, 441 442 462, 467 
468 III 167, 17B 289 290 91 ill 

313 (illust) 402-404 iv i'»7 190 - 

>93 349 . 35 * 

‘FUttermlce ,181 
Floscolarla, n 263 
Flounder, m 433 iv 269 
Flower, II 66 111 85 487 490 
Flowers, IV 83 90. See also Plints 

Flou ers of tan , 1 498 u ? 7 o 

Fluke, Liver 443 445 (illust ) iv 202 
360 , 361 (illust 
Pollack , 1 200 201 (illust ) 

Flukes, 1 441 , 443-445 M *51 iv to- 
ms, 34 

nustra, 1 438-437 
Flyoatoher, spotted, u 6 x 
Flycatchers, American or tynnt 11 
old world, II 61 [61 

Flylnir Birds, 1 >8 See also 

Birds. 

Flying Dragons, 1 292 m 987 
Flylng-Flsh, common, I 2761 . 
Fljdng-Fishes, 1 275 276 m 288- 

-89 fing 

Flytng-Foxes. See Bats, fruit cst 
Flying Frog, u 319 iillust ), 333 327 

111 287 288 

Flying-' Lemur , 1 86 iiiust m 

381 282, 485 

Flying Jlouse, m 285 illust ) 286 
Fly-Mould, IV 76, 77 (illust ) 

Food, nimals as a source iv 211 
217 , 361 - 300 . 

— assimilation of, 1 43 11 2 [324 

— feeding at favourable times, 11 318 ^ 
in suiuble places, 11 324 331 

— kinds of, I 33 

— .leceisity for, 1 33 11 1-3 

— process of digestion, 1 37 38 n 1 3 

— relation between nutrition of plants 
and animals, iv 68 74 . 

Food and FeedlL^ EahltB, i 17 
U 1-974 

— of aconi headed worm, u 943, 946 

— amrbibiatw, i 940, 354, 955 u 82- 
83, 192-194 

— animalcules, 1 488, 490, n 266-970, 

979-974 [359* 

— annalids, 1 499, 433 11 148-149 *57" 

— arachnids, 1 sSr 39a, 393 *> *»5- 

~ ascidians, 11 945 346. [ij3 


Food and Feeding Habits Com ) 

birds, 1 151, 15s, 157, 158, 160, 161, 
164, 175, 176, 179, i8<^i8i, 183, x86 
“ 45-^ *84-191, 335-943, 39J lU 
455 465-468, 467-471 
crustaceans, u 135- 144, 220-322, 
2SJ 256 

echinodenns, u 153-154, 264 265 

— fishes I 274 975, 276, 378 II 83 92, 
*94 *95 323 IV 283-284. 

— flit worms, I 445 11 151 152, 271 
See also Parasitism 

— I sects I 352 353 354, 35s 356, 

359 361 363 364 365 367 368, 369, 
373, 381 II lot 124 202 317, 350- 
-5 . 326-328 IV 56 110, 111 112, 
116 119-120 121 122 123, 20 -^9, 
king crab n 144 145 [■260. 

— Imp shclL II 260 261 

— lani elel, 11 243 244-245 
tiiimmils, II I ^4, 164 183, 234 334 

“‘ 474 475 

egg laying, 11 44, 3^2 iii 477 

fle h-eatiiig 1 91 94, 98-99 u 

5 25 

gnawing, 1 128, 129 11 ji 38, 

174 178, 321 322 324 325 

hoofed, I 106, 109 II 165 171, 

321, 323 324, 366, IV 490. 

insect eating, 1 83 a 31-38 

See also Bats. 

pouched, u 42-43, 180 183, 

32 III 478-479- 

apes and monkeys, u 164 165, 

22S 320 325, 326 

I Its I 82 u 38 40 320-321 
- cetaceans, 1 100- 101 11 25 30, 

49t‘-49* 

edenUtes, u 41-42, 178-180, 323, 

elephants 1 103 u 321 [327 

lemurs 11 225 226 320 

man 1 34 11 164, 225 iv 208- 

217 [490- 

— sricows 1 102 11 X73-174 III 

— inolli sc* i 311, 319 u 94 100, 196- 
201 247 o. 

moss po ypes 11 '*61 

— mynapod 11 132-134, ai6 219 

— ncm« rtiDcs 11 93 

— penpatus, II 134 [65 74 

— pi-* ts 1 33 4®S 11 3, 970-274 IV 

— primitive vertibra^es, u 243 

repti s 1 iqg 211; 2x8 222 22j 
24, 225 3*6, 232, 233, *36 “ 70-81, 
191 192, 320. 

— siphon worms, 11 149-150 359 260. 

— sponges I 484, 488 11 ..65 2^ 

— thread worms, 11 222 223 bee also 
Parasitism 

— wheel animalcules, 11 261-263 

— loophytes, 1 466-467 11 155-16*, 
971 272 IV 103 

FOOd-grOOTM, 11 265, 2 4-415- 
Food-Tucuolei, u 366, 368, 4x9 
Food-yOllL > *52 UI 340, 345-347 

(illust ), 414, 417, 4X8, 4 u 435. 43*. 
434. 439. 443. 444, 475 
Foot, mammals &c See Feet. 

— molluscs, 1 307, 3 * 7 . 3 * 9 . 3 *>. 3 * 3 . 

33d :^J 9 . 334 . 336, 337 . 33 ® 339 . 340 . 
34 * « 94 . 373 »* 3 * 35 . », *03 

104-X06, 1 17-108, x8o (illust ), xBi, 
3 i^ 9 * 9 , 990 , 921 , 239, 406, 408, 409, 
4x0, 413, 416, 417 IV 35 (illust) 

— wheel animalcules, in loa 
Foot-Jawt, I 404 See also Mouth* 

^rtb, of crusucean*. 



528 


INDEX 


Foot-ltunpi, i 4>5. 496. 438: ii 408. 

ui JJ-aj, 9% 336, 337, 998. iv 199. 

Fonunen macniua. > aB. 

FonmlBA repngnatoiU. i 396, 

4V5’ 

Fonmliiiten, j 469. 495-49^ )• 

li 100, 348, 3^370, J4< . ui 6, IV 454, 
Forbes, 16: ii 1B5; sai, siCk {458. 
Forearm, i 341 30. i» ks. 

Fore-Umbai See Linib& 
Foreat-Fly, it 133; iv 190. 

Forflenla aniUmlaTlA, i 380-381. 

11 350; iii 377-378. iv 44, 358. 

Formlo add, ii 105, 359-380. iv 83, 

J18. 

Formica ezscoa, IV 83-B3. 118-1x9. 

— fusca, I 373, iv 175-178. 

— pratensis, iv cig. 

— I ..fa, i 373, iv 116-118. 

— ^nd see Ant and Ants. 

FOBSorea, iii 193-393 
Foster. Sir Michael, iii ii. 
“^01llna^t^ 1 98- 
Fousaa, 1 88, u la (lilust.]. 

Fowl, red jungle-, i 172, iv 946. 

Fowl!, domeiiUc, 1 172, 380. 111 126 

(lllu^t.), 347: iv 148, 246 247. 

— game-, i 17., iv 246-247 «ilfust}. 

Fowler, Warde, 1 6. 

Fol, common, 1 94; iv 372-173. 

— Sahara, i 93 (illust.), 94. 1 19, 279. 

— white or Arctic, 11 18-10 tillust . 
Foxes, u 15, i7-t9. ‘V 326, 345. 
Fozglore. iv 80, go, 94. 

Fratercttla arctics, i ''4. m 66. 
Frederloel^ m 331 (iilust), 
Frecihtua, i 181-182, li 52-53. m 62. 

— aquila, I 183; il 52-53. 

— minor, li 53-53. 

Frenoltun, iii 312. 

Friar Birds, ii 309-311 fillust ) 
Frigate-Bird, great, i 187, 11 <12. 

K’sser. li 52-53. , 

Fng«.te-Blrds, i .’r-rfa n 52 53 
iiliust ^ , iu 62. 

FrlngUla ■cann.ihina, i 1 50 

— c'clebi, i 156. II 1^*7; 111 469, 470. 
noiitifnriTilIina, 1 136. 

Fnt-Fly. IV 131. 

Frog, Inill , I 254. II 

oniiiioii or grass-, i 2+9 254 iilliist ' 

II h', 197, 2Cji, 4'’2-42 . 4,7 is'’ 'll 
v>, i87-i'l4 illijst ) 4 i6 437. IV 41)? 
tlll’llp I 254: I'l so IV Ijj 
' il 1*0 (ilhist.\ 321, ' 2 " III 

(nippy’s, i 25V [aS? a ^ 

— “wrrstlfr ,11371-372. 

Frogs, i2i> -s, 11 4S7 45P iii c, 4<j 
V' 772, 32 436-442, IV 26, 201, IS2- 

’■^4- 

irf-e , li ui 417-43^'. 44I-44-: 

iHiisL), 272. 

— - green III 277 'ill I*-! IV 392. 

- “ M. Iter", in -,0 

Frog-Hoppers, 1 i^i n ai? «» 17?. 
Frontal stnnses, iv 191' 

FniUanla dllatata. iv 75. 

Fuens, 13' 11193,20- 

— serratus, iv 75. 

Fulenun, m 1 5, *6, v 7, in 
Fnlica atra, 1 171 . n 340, m 61-62, 
FUlgnla cristata, i 176. (446 

— fer 1, i 176: III 59. 

— g'ai.cuui, i 176. 

— mania, 1 176. 

— mvrnca, 1 176. 

— valliMicria, iii so 


Fanotton, (Jumge of, i IJ, 344, aOo, 
263, 369: ti 80, 116, 386-387, 390, 393, 
409. 435; iii 3», 475-477. iV a8-«9- 
FUlfl. iv 65, 67-68, 76, 77 , 78, 0- 
Fnagla aonitaxla, i 475* 476(iiiuM- )• 
Foagna-Anlmloiilea, i 496-497 : u 

270; iii 3*2. iv 363. 

Funnel, of head-footed molluscs, i 31 3, 
317. li 393: ill 3«. 3a- 
"Fanny-bone”, i 30. 

Pur, I 64, 96, 98, 130, 133-»34: til 68, 
69. 7*1 7^7. ao*. ao», 203, 204, 807: 
IV 136, 228-229, 243, 3ot“30- 
Fnreula (menythuught), t 144, 145, 
187 : ui 298. 

Punmrlua, iii 46*. 464- 

G 

aad-FUea. I 355, ii X19 (illust ), 120- 
Oadldm See Cods. Ix2x:iv43 
Oartlnla, u 462 

Gadow, 11334: iu 46, 53| 117. 183, 212, 
a6B, 287-288, 371, 446, tv 338, 391, 
392, 432. 

Qadua aeglefinut, i 278-279, iv 26;. 

-- merlangus, 1 279. iv 267. 

— morrhua, i 22, 278: iv 366, 321. 

— Virens, iv 2(56-267. 

Oalagoa, u 320 
Oalanthus nivalis, iv 93. 

Oaleodei aransoidea, 1 387. 
Oaleoplthecua, m 281-282, 485. 
Oaleus canls, 1 2B5. 

Galium sparine, iv 97-98 
GaJI See Bile. 

Gall-bladder, 1 37. **o, 200, 241, 253, 
Ckdle, 1 3- 270 

Oalleiis mellonella, i> 351 
Gall-Fly, ro^e, II 204 2u5 (illust.). 
Gall-Flies, 1 37*. -04-^5. iv 78-79. 
81-82. 

Oalllnss, i 152, 172-171, II 238-2,9, 
111 450-452, IV 148-149. 

Galllnago ca:Icstis, 1 169. 

Kallnmla, 1 169. 
iii.ijor, I 169. 

GaUlnula cbloropus, 1 171. u 240 

III 61 

“ Galls ”, iv 78 79 (illust , 82 
GallUS bankiva, 1 '72. 11 239, i\ 246. 

iluniesliciis, i> 246-247. 

Galton, Sir l-ntnLi>, u 21?, 493 
Gamble u 292, 31^. 446. iv 342, 143 
' Game-Birds, i 15a. *7^-173. » 

« IU 4^0-452; IV 14^*49. 375-377 
Gammama, i 4*4- 

) (ii-u, il 142. 
uccImUis, III it>5 (illust.). 

Ganglion •>. Ganglia), 1 29P, 103, 

KT, ‘O, J I, 3-’7. 313, 347, 349, 4* 
j 42E, 44-). IV 6 , 11, 12, 13-14, «5- 16, 
■ 17, 1^, *9. 34, , 5 - 

- br.iiii (or rcrrUal', i 298, ]io, 311, 
140, 40% 409, 427, 4^8, 438, 440, 44-', 
444, 446- 

burc.il, of mollusc*, i 327. 

- foot for pedal , <.f im>llu*cfc, 1 310, 331. 

- latml or pleural , of molluscs, 1 

310, 333. b 309, .333- 

vi«4 cral 'or abdominal), of molluscs. 

QangUon-OellS. See Nerve ce''i. 
Gannett cumriion, 1 181, 418, li 5^: iu 
6j uUiiit.), 63, 455. 

Ganneta, i 181. iii 62-61, 47*- 
Qanoidea. bee Ganoid Fishet 


Ganoid Flalma, I *66-369 (iHuiL); fi 

453 . iv • 77 -»r 8 . 

— “fnnge-finned'*, ia66, a6B. 

— ” ray-flnncd i 268-269. 

Ganoid aoaleo, 1 266, *68. 

Gapers, 1 334-335- 

— sand, i 334 (illust.): ii 250, iii aoa 

Gardener-Btadi, iv 40-407 hIIusl) 
Gare-Fowl. i 184. See Auk, greaL 
aar-Flah. common, i 27^ 

Gangetic, i 21a (illust.). li 71 

— Schlcgers, I 312 . 

Gailalls GangeUca, i an , U 71. 
GartalB, i 209, aia. 

Gar-PUce, 1 268 (illust). ii 45> 
Garrulua glandarlna» i i53-*54* 
Garatang, n 30J, 306, 308. 
Gaateroateidm. See Sticklebacks. 
Gastrsa tbeory, m 341- 
Gastric (or peptic) glands, 1 37, i46> 
Gastric Juice, i 37. u >69- 

Qaatrlo mill, i 407-408, ii 136 (illust). 
Oaatrophllna equl, 1 356. IV 191. 
Gastropoda (see also Snails and 
Slug4), 1 311, 317-328. 1196-100, 19/^ 
*>*. 347 , 878. 3^307, 335-337. 373 , 
393-397, 43 a- 434 , 459-46*: «» 33-36, 
X04-108, iBo-iSx, 217-219, 412-417: 
iv 17-18, 35, 57-58, 397-39^ 

OastroBteua aculeatua, i 976, iu 

428. iv 154-157. 

— pungitius, I 276, lu 428, 430-431. 

— spinachia, 1 276, ill 428, 431. 
Oaatrula, m 341, 342, 344. 

Oaur, 1 114. 

Gavlm, i 152, 168. 

Oayal, IV 225 

Oaxella Arabics, 1 nS, u 35> 

— Bennetd, 1 118. 

— CiixierHMi 353 

— dorcas, 1 iiU 11 353 

— cuchore, 11 353, m 187 188. 

— Granti, 11 155 

— Sftmminiigi, 11 355 
subgultuiosa, I 118 

Gaselle, Arabian, 1 118. li 3S> 

— dor 1 118, 11 353- 

— Indi.in, I 118. 

— Pervian, 1118 
Oaaellea, 1 118 u 35^ (iiiust.). 
Oecardnldm, m 170. 

OecardnuB ruricola, II 220. 
Geclnus vlrldla, 1 161 III .,61 

Gecko, fringed, 111 a86, 287 illust.). 
wall, i 221 (illust ). II yi (illust 1, iv 
391. 

Geckos, i 221-222. il 73-74, 3«, 37 «. 

Ill 268-269. 

Geese ^and see Goo5e), 1 152, 177; li 

*37 3 j8 IV 147-148,248 249. 

Gehyra mutUata, m 268 

GemmailOU ^sec aUu Development), 
ill 320 121, 3*5 326, 327 328, 529- 
3y>, 333 . jiS, 340, 342, 350, 422. IV 
99, 101 103, idq, 105, 10 

Oemmulea, ui fs 6 
GenerallsatM > 

" Generalised type”, i i 95 -* 0 , 405- 
Generic nanwy i o. 140. 4a- 
Oanet, commoni' i 8^ 

GensUa TBlgarlB, *69- 
GennoHu nydliomema. i tjt. 
Geniu,t9- 

Geodephaga, » 30-337 
Geology. > *5. *7. iv 45^456- 

Oeometrldm (Geometers), ii 397 - 30 : 
ill 102- *03. 
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OeomyldA See Pouched Rau. 
Oeomyfl bunarlns, 1 131 111 204-305 
Ctoonejnertei Falxnito, ■> 444- 
Oeophlllda, n 13J-134 >u 335- 
OeophlluB longloomii, 1 3941 397 

III 325 

Ctootrupai. gtaroorarlua, 1 3^ 
Qephyrea, 1 30 433-434- *>«« 

Sijihoii \Vorni» 

Oeranl, bir Monuguc G , iv 332 
Qerm-oells, iv 490, 491, 492, 493 
Germinal disc, 151 
*Oerm plaama’*. iv 494 
Germ theory, 1 3 [m ^ 

Gerrlfl palndum, 1 314 » 1231 > < 

Geener, ( unrad, 1 g IV 387 
Geum urbanum, iv gS [(lilust ^ 
Gibbon, Silver, I 71 {iIluM ) 111 160 

Gibbona, \ 7-2. m i6u 161, 737-238 
Gibson, )* tnLsi, u 3 3 I illusl 
Glgantorhynchns glgas.^ 205 2 >6 
*' 011 a monster”, iv 3 3 
Gill-aperture, imphibi ms, n 437 

Li list ICC ms, II }ot 4613 
tisIlCS III 14 

Gill-arches, ni«,)hij ms, i 

Mrid rites, i 24 244 . 

tislics I <6 •» t 11 |b6 

Glil-a weXiCo, cnr 1 26 7 

encrciit, I 20 (i\ 01 

Glll-cavlty, i r « h iiiilicr imphil)! ms 

iiiiuli s u 408 

— crusiacc ms 11 400 412 403 469 

( h s 11 44 ^ 4^1 U"’ 

is In, II 406 

llii cs, 1, 3 J j9 4 , 04 , 405 ,g6 

I II t 17 4 4‘’3,4‘i9 4^ 

f> ,t III 31 

GiU-clat iv,fiiihtij d v-o^m, I j >1 

a 11] till i^iis 141 I .48 40 ,4 

y II 44 4 43 idiist 

is nil I s III 14 
L il IJ11 \trttl ruts 16 63 67 '*4 
41 II Si _,8 

slits 16 f 9i 61 , t> 

•( 84 of o; ji a 

II St) 87 ]S8 44 
I I III III n ol 11 ‘■1 

I mttlti I 9 -, II 1 I 

OUl-COVer, cm tic* ms 1 4 3 |‘ 4 n 
to 

— II lies 164 lb o r ''£7 2 ° 

ii>. Cl ill II 4 >6 

Glll-ft^aments, 1 1 uii K i i,o 

I 1 s 1 6 I S 

GIP folds, II lliil lai H 4 7 

I 1 c Ills 11 jbiy 

I. I s , I I A, fs „ , 

I I I 

I I II I I 1 II 4 -I 4 

Gill formula, oti Ui r i i Hast 
Gill-openiugs 's* (>ili l u 

0111 p ate, cru L ms 1 4 4 
m I'll' s 111 I f 
0111-pouches, 1C ini he I Ic I \I rill i 

I II >7 

f rin 111 n uf 11 3 i 3^ 

llllplC\s Till h l|,s 1 202 II 38 
I*'! illiisi ^I's 

s il nil III li rs II 4 7 
li iilvs md r i s, II S'- jEA 

“ Glll-rakers ”, u , 7 

Is, a ,Si, 387, 388-380, 420 
-4 niiliibi ms, 1 240-242, 248, 249, 2^4 
( It 4 6, 437 III 44 IV 01 
— iimcl 's I 4 I a 408, 40Q, 41 
crust Items, . 40j 404 a 4 4 


Qllle {Ctmt ) 

lllujtt , 403, 404 (lUukL , 405, 406, 
44 3 i 469 , 470 U *6 

~ echiiiuderms, 1 458, 439 » 4x3. 415, 

— hhhes, I 62, 265, 270 II 387, 455, 456 
111 424 IV 200 201 

insects, 11 463 464, 465, 466, 467, 46B 
king ciab, 11 406 

— lamp shells, ii 41 1. 

molluscs, I 308, 313, 317, 31B, 322 
324, 326, 332, 336, 337, 338, 340, J41 
“ a49i 39» 393. 394 J95. 199-397. 
398 399. 432 433. 459, 460, 461, 462 
m-slita Sre Gill clefts 
^irami comelopardalle. 1 1x9-120 

II 170 m 151 

Giraffes, 1 mg, 119 120 iliusu), n 170 

III 15 X lilust ), X53 
Girdle, of earthworm, i 431 
Gizzard, i 146 u 1^4 idiust 
OJardlnlere, iv 40 b 
01 aGler-*‘Flea”,i 384 iiiust ) 112x4 
Glandlna, n 9 ^ 

Glandular pit, of hoofed mammals 

I llu, 116 , II- 

Glaxeolus pratlncolo, 1 169. 
OlaaS'-Craba, u 270 
Olaueua atlantlcus, u 100 , 284 
Glenoid cf^vity. 1 ag i 340 

Globe-Fishes, 1 78 u 306 , 334 >v 
Globlgerina, 1 4 B 9 496 liiust m 6 
Globlgeilna ooze, t 4 I lUust 
Glochldlum, ill 37 (ilhist , 426 40-, 
Gloger, 11 3(7 I lilust 

OlomerlB, 1 19 A (d 13 * 

Qlossina mor 8 ita~i 8 , 1 3 -.8 » < 
Qlosslphonia, m , 6 t 
Glossopha^a soiiolna, a 19 I 

Glottis, birds 1 147 I 

mmimal 143 11 4-^9 I 

GlOW-IKrormB, .V 1 <<= i 56 lilust 
Gluten, I 

Glutton, I H 11 u I ' 

Olyr ocrangon prlonont a tit 
Glypiodon \ 371 144*5 » 

Gnat, I I in n I 3->0 367 (lilust a 
I illn ( 11 lillii 

iiii],cd I I I ) 404 pllust 

Gnats, I 5 II 1 I 251 III j~> 3 3 

4c 4 IV I , (u I lust ) 
f I imis l\ I 7 

Gliu, i 113 Hu t 

Goat \11gor4 IV ) ilhi I o 

l 3 t/ ir I 117 111 4 4 7 lilust 

— d iiiistit, I 117 \ <, 2 -) 1 

- K ishmir i\ j 

K ik> \T uii II 1 1 17 
w lid 1117 

Goats, I i 1 14 II- II I 7 5 111 

1 14s ) 33 u 4- 

Goat Sucker StNit,h ir 
Gobles, 7 11 8 

Ooblo i.uvlatills, 1 b-> 

Ooblus niger, 1 - 7 ^ 

Qodwlt, I ir I tiled I iC ) 

bl ick nilcd I 169 11 ro (lilust ' 
Godwits, 11(7 a 6 b 
Ooeldl, III 437 

Goitre 1 43 [114 ixofiliust^ 

Golden-eyect Fly, 1 37 S u ust u 
Goldfinch, 1 is 6 

Gold-Fish I 282 IV 302 393 lilust ) 
Goliathus Drurei 1 1 8 
Oompbocerus 1 < • [m si 
Oonangium il Oonangla 1 4-2 
Ooniaater, 144-7 1 


Qonophores, m 350-351 piiuht ) 
Gonopteryz rhamnl, 1 362 . 
Goosander, 1 177 u 238 m 6 x. 
Goose and see Geese , bean, i 177. 

— bcrnicle, 1 177 

hreiu 1 177 . II 238 lilust ) 

— Lgyptian, 1 177 ( 24 a 

— gray lag, i 177 (lilust 11 238 , !• 

— pink footed, i 177 

— solan See Oannet, common. 

— white fronted, 1 177 . 

Goosegraes iv 97-98 (illust ) 

Gopher, commun, III 204-205 (lilust). 

— stnped, i 1 2 b 

Gordian- Worm, 1 448 
Gordius, 1 44 b (374 

Gordon, Lord Granville, iv 369 , 372 

Gorgonla, 1 478 

verrucosa, it 285 

Gorilla, I 72 ilUisL/ a 8 ill Ido 

(lilust , ibi, 236 , 2 7 , 49 , 
savagei See Gunlla 

Geese, 1 7 
Gould, IV 405 
Goura, 1 167 
Goureau, u jxd. 

Oraber, m ijs, ibs, 166 , 232 
GralUe, 1 152, 171 n 240 III 61-62 
Granby, Marqms uf, IV 376 

Grant, f)g ivie, iv 146 .. 

Grantla compressa 1 48 b 
GrayhoUtha nebrltana, iv 352 
Grapsidis, n 4 ^ 

Grapsu" vanus m 175 
OraptOiatee, .v 458 4 S 9 (lilust ^ 
Grasping Organ of Feati. 3 r Stars, 

III i lilust J 

Grassjuopper, nugruory, I 482 
Grasshoppers, 1 381 382 u . 13 , ^15 

I' 379 380 XV 38 , 162 

— desert II 28 a 

grec I 1 381 , 382 383 III 170 177 
I'lu'l ,79 (lilust 
Grassl, 11 12 11144 iv wt 12 1 4 

Gravitation, 1 m s o 14 
Gray, v 210 

Grayling n 4-9 3(11 diu 1 1 
Grebe, < ircu 1 8 , 

cn n sted i iS 

little, I 185 III 6 , f (illiisi 45:7 

n d net ked 1 18 ^ 

'tvonnn i 1*35 [bi fb i\ 08 

Grebes, i i-, is 183 n 54 193 m 

Greenfinch, 1 i r. u 187 
“Greer-Fly ” c \i in le 
Gregai nes, 14 ; 49 I' 4^9 m ^22 

IV of o- 

Orenfell nv H .v 81 
Greyhound, iv i ill 1 st ' 

Grey natter, of Inm 1 52 
f 'I m il t ( rd i 51 
Groy Mullet, tin k h; ped i\ 273 

thm i])p 1 iv 73 1 hist 1 381 

Jrey Mullets, it iv . 7 , 

OrlDble, M Ml 2 ^ 26 
Gristle ^ c ( ltd IL.C 
Groos, K irl \ ^ 401 403 

Grosbeak, m 463 'illuu 
Ground-Sloths, m i\ 4 T 4-4 
Grouse, 'ick, 1 17 U 2 ,q 

nil I 172-173 XI 239 XV ^7^ 377 
OrUB m rca, 1 170 . 

— coiniiiuius II 2 ]i 

Orylllda. Sec(iick«ts 
Gryllotalpa r-unp sins II 4^9 III 
,70 3*10 ‘(l 

— '*.*11 18 111 222 -a 2 j IV 35 {' 
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QryUuS camp^tris, i 383. 

— di>incsticus, i 383. 

Chiaobarot 11 iss. 

Chianaoo, i laa. ui 153; iv »ya. 
Guarm rntiFat i xSo. 

OndftOa, i'aSa. 

Guanon, green, i 74. 

Oaanoiu. 1 73. 

Onaresa, 1 73, lu 337, 338 (illust.)* 
Guiana Fig, ■ 134- 
Ouillemot, Uack, i 184. 

— common, i 184; ii> 66, 453. 

GuiUamots, 1 1S4: li r.3. 
Ouinaa-Fowlf 172, u Jtg. iv 249 
Onlnaa-Pig. > >34* 1^50 ) 

Oulnea-Worm, iv 343. 

Oulan, i 214. 

Qular sac, iii 287 

omi, black-back eil (great \ i i 63 . 

(leaser), i i6S 

— black-headed, 1 t68. 

— common, i i68. 

— glaucous, I 168. [(illusii ] 

— herring, i i68 (,rllust.), ui 57-58 

— Iceland, i 16B. 

— litUe, I 168. [305, to8 

OoUa, 1 152, 168. II 51, III 57-58, 304, 
ChiUtft.or mammals, 1 35, 37, 49. 
QnlO borealis, i 98. 

— ■ IcUS, U 20. 

Onnnal, in 426. [iv 266, 272, 276. 
Ottntliar, li 296, 336, 448, 451, m 425. 
Gurnard, giey, iv 273. 

— red, i 275; IV 273. (iv 272-273. 
Oomiurda, i 275. li 306. in 115, 119, 
Oat See Digeative-tube. 
Gynaadphlona, 1 245, 255-256: ni 45- 

46, 213-214, 44»-443- 

Oypi Rd]»p6ll, i 173- 

GfltnidBL See Gyrinus natator. 

C^rinna natator, 1 . » 440 . m 

19-30 


. H 

Haaclro, .li 76, 243. 

Habenarla UfoUa, iv 87, 88 
Habroof^um aplendeni. iv 167 

(illuat.;. 

HaddOOk, i 278-279: IV. 267 (illust.j. 

Haddofli u 43°^ 

BiBCaOl, iii 341 

BMnainttiaa, iv 34 < (iiioM.). (274. 
Bakmatoooccua plnvlalla, ii 273- 
Hamatopota plarlaUi, ii 120 
Hwnatoinu oBtraleguB, 1 169. ii 
67-68. (468. 

HMnOgtoblll, I .8. 45, 428; li 467- 
Baf-FUb, (.'alifornian, li 383-384 
(illiiKt.). [(illust.). 

— common, i 292; ii 91, 92 fiilust.), 385 
Ham > a 9 »-* 9 a: « 9 >- 93 , 183-385. 
Biir, i 25. 

— o< mammals, i 25, 63-65, 67. See 
al o , .ir. 

Hair-foUkdM, i 63 (iiiust.). 

Bnlc^ iv 201, 268. 


i 174. 

IV 268-269. 

waUflwadTia ptaieia , i 486; iv 

Biilkiiyrtas, i 482. (101. 

KtHonro dngoiig, i ms; li 173-174: 

ia 400: iv 313. 

Bailed iv io» 


BUqroi^ ii 54. 
BnU-Loopon, iii 103. 

al 14 aU]% 

HlliHlOtt iii 425 i 432 . 


HallotU tnborcnlata, i 307-31 1 : 

“ 193-304: w* 4*2. IV 324. 

HalltluTlnin. iii 83. 

HUobatM, 1 3S4. >1 114: ill 38a. 

HaloiMyolio, IV 451. 

H»ltorOf, i 355: iii 3'3. 1354- 

HaltlCa nenioruni, i 366, iii 178, iv 

— undulato, iv 354. 

HaltlOUUa See Beetles, flea-. 
EamltM, iv 4<^ (illust.). 

Hamntor, common, i 129. 
Hamitora, = 129-1 JO. It 177. 

Hancock, H. j. B., w 117 

Hand, of mammals (sec .ilso Digits), 

I 14. 30, 31. Ill *33 .137. ^4*^ 
MlU'St), 241 (illust), 24a (illust ], 
i43-.»44i *51, 352 liUust), 259-260 

Hapalo Jaockns, 1 78. 

Haplooorot montanus, 1 117- 
Haplodaotylus, u 195. 

H ap l c ■'* ontldat, iv 418. (289, 290 
Haro, Alpine or Irish, i 9, 124-135, 11 

— American, 11 289. 

Haroa 9, 123-125. H 174-176 (iiiusi ^ 

324. ui *88, 482. 483, IV 344, 346, 374. 

Harolda gladaiu, 1 176. 

Hannor, m 100, 330. 

Harpa, i 321. 

Harp^iiopliytrtn, 1V98. 
FirpHlkoUf, I J2I 
Harpyi crowned, i 174. 
HaxOTtaaUabtui ooronatno, 1 174. 
Harrlor, hen, 1 175. 

— marsh, i 174. 

— Montagu’s, i 174-175. 

Hamotta, i 290 (diust) 391. 

Harto, Bret, 111 236. 

HartolMOflt, iv 141 (iiiust.) iiv 360. 
HaXTOit (or C'Hiseberry-) “Buf", 
Harreftindn, i 387, 390 (i”ust ] , n 
HaBarluB Hoyt iv 167 168. (1 

"HaBMolna of events", bw of, 

1 ill 1*9. 34‘‘. 439- 
Hnstlnke> Manjuess of, ./ 213. 

Batterla punctate, i 236-237, m 

I 56, 444 • iv 47, 410 
Hamen. See Sturgeon, giant 
HaiHand, ii 213. 

Hawflnek. i 156. 

Headley, ui 299, 3r>7, 473. iv 61. 
Head-lobe, of sea-ccmipedr, i 426. iv 
Hoad-Loose, i 354- (>3> >3. 

Head-8bleld, m 218. 

Hearing, organ- of, IV 34, 32-33, 402, 

— amphibians, i 245, 254 

— bir^ I lyo. 

— crusuceans, i 409. iv 36-37. 

-- development of, iv 38-39. 

- fishei, i 26^ ii 386-387. IV 38-39. 

— insects, i 381, 382; iv 37-7 (illust). 

— mammals, i 56-57 (illust. 

— reptiles, i 2301, 

— See also Balance and he.-'-mg, 
organs of. 

Heart (see also Qrculatory organs) . 

— amphibians, i 240-241, 253. 

— arthropods, i 342, 346, 400, 408. 

— birds, 1 147-148. 

— 6shes, i 262, ati, 272. 

— invertebrates, i . j. ((illust. ) 

— mammals, 1 38-41 (lUust); hi 12 

— molluscs, i 30S, 314, 31,, 320, 325, 
3*8, 333, 340. 

— rep it, i 200, 207-S08. 

— veitcbrates, i 63, 303. 
Bsart-Urdbin, purple, i 459: U 41s 

(iUu»t.7 


Beart-Undiliki, i 459: m 357 (illust.). 
Heatlicoto, lii 164. 

Hedge -Accentor. See Sparrow, 
hedge-. 

Hodcoboc, common, i 85 (illust). li 
3 a- 33 t 34a; iii i 35 i 484; iv 327. 

I HedgSbom i 64. 83. 85. II 333. Ill 246. 

Hedgehog-Oklnnsd animals (echi- 

nodermata), 1304, 450-464. ii 153-154, 
223, 264-265, 279, 340, 361, 411-416: 
iii 3 - 4 t a 3 -.» 4 . 9 o- 97 i 114-1*5, *.10, 
232, 278-279, 328 -329, 354-357. iv 41, 
317 , 344, 440 » 446, 447 , 45a. 459 i 465- 
extinct, iii 93, iv 459. 465. 

Hellprln, iv 409. 

Heldon peUnoldam, u 199. 
Hiiliaatnna Forskallana i 475 
Hellcailon. » 373. m 181 [(illust.). 
HeUconlds, u 31 1- 112. 
HellOSplUSra, 1 489 ;illust ) . m 6 
Helloioa. I 4 q 6. [ illust >. 

Helix .rlnixtorum, it soo. 

— aspersa, i 326-328 ; ii 196, 199, 335, 
433. in 104, 414, iv 18, 31, 45, 58. 

— fruti«,uni, li 200. 

— hortensis, 11 «xx 

— ichthyomura, li 2ocx 

— lapicida, II 2CX). 

— nemoralis, 11 200. 

- pomatia, 1 328 u 200. 
Hell-Bender, 1 248 ii 456-457. lii 48. 
Helmet-Shells, 1 321. I355. iv 338. 
Heloderma homda, i 224 , n 354- 

— siispecia, i 224, iv 338. 

Helophllns, u 1 19. 

HemeroblldlS. See Ljce-Wing Flies 
Hemeroblus, ii 114. [ iliutt >. 

Hemlastei nvemosue, m 355 
Remlchorda, i 293, 300- 301. See .tlso 

Acorn headad Worm. fiR#) 

Hemloognathus leptorhyncus, u 
Hemldactylus coctml, w «68. 
Bemlptera, i 351-355. «• '22-1^4, 
216-217, 3161 359. 44'7-44I . Ill 178 
180, 380-383: iv 189-190, 350-351 

HenMn, iv 283 
Heptanebue, li 386. 

Herdman, n 296, 306. iv 204, 398, 399. 
Heredity, 119. iv 4S6, 492-494 
I Hermlone hystrlx, u 339 
Hermit-Crab, common, 141? (iiiu«t. ) , 

li 137-138 (lUust), 403 

— xtupper-fisted, iv 446-447 

Bermlt-Grabe, i 4*2, u /ao 
Hermlteles melanarias, i 373 

Hemandet. iv 387. [ iiiust... 

Herodlones, 1 152, 178-180. 
Herodotus, iv 223. 

Heron, boat-billed, i 179. 

— common grey, i 179, 11 54-55, iv 375. 

— night, I 179. 

Herons i 152, 1781-179, ni 463; iv 61. 
Herpestes griseus, i 91 : iv 386. 

~ ichneumon, I 90-ri. iv 386. 

— urva, li 14. 

— Widdnngtont,d pi. [271. 

Herpetodryas onrlnatiu, in 270, 
BorrlBgS, i 283, hi 425: iv 128, 129 

(illust.), 200, 263^^ (illust b 
Beqptromla roptlls, h 43 (dlust.). 
Boiilaa Fly, iv 151. 

Beteralooha OKmldL ii64 
Hotorootphalng, ih 204. 
Httoroeera, i 366, 362-366. See also 
Moths. 

Hittrodora mdickola, iv 363. 

— 3 chachtii, iv 363. 
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flstifogtiij. Ill 383. 

BMaronltii, 1 489, 494, ui 6 'iiiust ) 

BMttOPOdl» 1 3ai, u 99-100 (illiiat ), 
37 ^; lU 34-35 (llhUL}, 4ia, iv 35 
(Uluat.). [(illiuL) 

BAtaroiMnL BMniirlolill. i 475 
BWtroplwa, 1 353-355- 
Hwaffttwla, i 474-476 
BuOUBlta, I 489 (liliut. ) 111 6 (illuu } 
HuMjMtfim, u 366. 

Btokson, 17, u 3731446.01175 1V450 
HUara, m 391. 

Hip-bone, 1 31. 

Hlp-glnlles, 1 31, 196, 111 119-120. 

— amphibians, i 339, 351, 253 iii 183 

— birds, I 145, ui 125 

— Ashes, I 261. 

— mammals, 1 31, m 133 

— reptiles, 1 199, 215 

Hlp^boiea equina, iv 190. 
HlppobOeddB, II 122 IV 190. 
Hippoeampui antlqnorum, 1 277 

II 296 III 43 44, 427 

HlppogloseuB vulgaxle, iv 268-269 
Hlppolyte Varlam, h 292-293. 294 
Hippopotami, 1 107 108, u 171, 321, 
351 III 148, 948, 4^ 490 IV 134 
BlppOpOtamue, common /amphib 
Ills , I 107 ^ ) 11171 11148949) 
I' 373 

— Libenan (Libenentis), 1 107 

Hippoepongla equina iv 324. 
Hippotragm ni^r, n )S2, 3S4 
Hlrmoneura obecura m jgo 

HimdO mcdiciiialis, 1 432 11 147 148 
Ml 22 IV 42, 32X 

— ofhuiialts, IV 321 [467 468 

Hirundo nutica, 1 t 6 i m 461, 
Hiepa, II 337 

HUslng-1^. 11 119 (lilu&t ^ 
Hleterlds, u na 
Hieter quadrinotatui, u 109 
Hoatzin, UI 47->-473 (illusi ) i\ 431 
Hobby, 1 174 11370. 

Hook, of horse, iii 140-141 
HOC. red nver , 1 108 
- wart, i 108 109 

Holarctlo region, iv 41^ 
Hoiooepbali, 1 a;,/, -ya 91 See 
also C himxras 

Bolotburoldea, i 454, 46 464 

sec bca Cucumbers. 

Bolt, 111 4 '6 IV 158 

Homarue vulgarUr, 1 102 304, 342 

402-409 II IJ 5 117, 400-402 111 i6g 
277-278 IV 297 299 

Homer, iv 248 

Homee, of animals See Dwellings 
and NesU. [38 

*<Homlnc InsUnot”, 1 18 1V54, 57 
Bomoptera, 1 35>-353 
Homorle gutturalis, m 464. 

— iophotis, lu 464. 

HotalO eaplene, 1 71- See abo Man. 
Bbney, iv no, 251-252, 358-259. 
Honey-bag, u 206 
Honey-Bear, m 247 248, 255 (illust ) 
Honey-oomb. iv 254-255 (tUust ) 
Honey-eatere. See Fnar Uinls. 
Honey-Oulde, white-eared, ii 63-64 
Honey •Ouldee, u 191 [(iilust ) 
Honejmudcle, iv 87, 88, 94 (iiiust) 
BooM Kammala Sm Mammals. 
Hoof-glande, 1 1 16 
Hoofll, of mammals, 111 143-144, 148, 
149, 152, 248 li 362, 36^370. 

** Hook-and-eye" arrangement. 


Hoopoe, European, 1 164 (lUusu) 
Hoopoe i , 1 163-164 lu 454 . 
HOplooampa fuivicomib, iv 356 

testudinea, iv 356 . [268 

Hoplodaotylns Anamalieneia. m 
Bf^opteme oayanni, iv 404 405 
Hop-** Spider**, red, iv 360 , 

Horn, IV 310 - 311 . 

Homblll, great, ii 186 , 242 (illust ) 

— rhinoceros, 1 164 (illust.) 
Hombilli, 1 164, 11 242 Hi 460 , 471 

‘ Homoores , u 352 
Homed “Toad**, Califomian irep 

tile , 1 223 IV 392 
Homell, IV 204 , 398 
Hornet, common, 1 374 11 250 iv 112 

Hometa 11307 [ 1 V 311 

Homs, of ibinocctos 1105 lot, 11350 

— of ruminant!,, I 64 112 ii;, 115 , 116 , 

11 / 1 . 8 , 120 11 35 .. 354 (illu,t IV 

3 «i 

Horse, Arabian, iv 236 illust 2^7 

— Clydesdale iv 237 (illu*,t ) 
Przeualsky s, iv 234 (illust ) 

Horses, I 106 107 11 165 - 167, 350 354 
111 129 - 1 , 0 , 132 , 134 , 140-147 IV 190 

191 , 933 93 P, 3 ^ 

— prehistoric, III 143 iv 233, 234 (illust ) 

— tarpan, tr wild , 1 107 , u 350-351 

— iiger 'icc Z bras (iv 2,4 

Horso-bot, 1 358 u 191 (illust ) 
Horse-Fly crc'it u 120 . 
Korse-Leecb, 1 433 
Horse-sboe Crab * See King 

Crabs 

Horse-Stlnger 358 , 376 illusi j 
Horse-Worm, iv jc 2 
Hotlnus candelabrluB, 1 179 

spinol'e, III 179 180 

Houghton, IV 2 9 244 
House-Fly, i iss 326, 358 u 170 251 

2^2 illust.) UI 27 s '•76 (illust ) IV 
16 illust ), 43 , 77 illust I 
House Martin, t 161 m 461 , 467 

4 t 8 , 471 IV 60 

Houssay u 7^ w 130 . {(illust 
Hover-Fly u 119 (illusc), 216 1114 ^ 
Hudson w H , 1 7 1 o, 17 , o 

3^5 ) 7 i, 379 »* 403 , 4 bt) 

i\ 4 14 

Hugo, \ictor I III 4 19 . 

HtllaS, 11 ( 4 illust ) 

Hulme IV ^iS 

Human body structure ind fiinc 
tioiis o'” I 24 59 ' 5 ec ilsu Man 

Humboldt IS 2 i(' 

Humerus, 1 9 31 144, 197 198 , 241 , 
252 111 1 18 , 298 ( 89 , 431 

Humming-Birds, 1 10 , u 191 iv 
Hunuman 1 79 73 » 164-165 
Hunt, 111 403 

Huxley, 1 2 , 24 , 402 , 418 , 435 , 436 u 

3 , 254 , 400 , 401 111 338 IV 282 
Hyama, brown brumua), i 91 

— spotted, or Iiugliiiig crocuta), i 91 
striped (striata) 1 gi 11 14 (illust } 

Hjrmnas, 1 87 , qi u 14 15 iv 327 
Hyasnidn Sec Hysenas 
Hyallnoeda, u 339 
H}«lonema, 1 486 [ 328 , 339-341 

Hydra, 1 465 473 . u 160 , m 2 , to, 327 , 
brown (fusca\ i 466 . (271 272 

green (vindis) 1 465 , 466 (illust ) 11 

Hydra-tuba pi ^dra-tub»), i 
Hydrocarbons 1 33 [489 

Hydrochams capybara, 1 134 n 

178 III 74 - 7 -, 


H^droeharis, iv 95 
Hydroohelidon idgra, 1 ics 
Hydrogen, 1 33. u 378 
BydroidZoopliytef SeeZooph>ies 

^dromedosm. See Zoophytes, 
hydroul. 

HydnmietrldiB, U44cx 
Hydrophldm, u 80, m 53-34 iv 339* 
Hydrophllm piceus, u 109, 440 lu 
398. 399“ 

Hydropotes inermls, 1 m 
Hydropsychldae, u 116. 

Hydroxoa, 1 465-473, 478 4B3 » '60- 

162, 278 III 17 19 89-90 IV ^3 34 

Hydros bloolor, m 54 (diust 
Hyla arborea iii 272 iv 392 

— F uropea, 11 82 83 
faber, 111 437 438 

— Goeldii, III 442 

Hylidm See Frogs, tree- 
Hylobates leuciscus, lu 160 
Hyloblus, IV j 55 ((illusL) 

Hylodes Martlnloenals, ut 439 
^lotoma rostt. m 388 
Hymenoptera, 1 351 J69-374 moa. 

103-107, 202 209, 250-., 51, 307 358 
111 28-29, 386-393 IV 1C 8 120, 194- 
»95, 355-356 

"Hyoid apparatus i 29, 193, 199, 
229, 239, 244, 260 II 58 
arch, 1 260 

Hyo-mandibular bone, i 271 

artilagc, i 260^ 

rleft, I 260 

Hypoderma bovis, 1 358 iv 349. 

— line uus, iv 349. 

Hypogeophls, ui 443 
Hyponomenta padella, 1 365 
Hypotriorchls subiutes, u 37a 
Hyj^prymnns, u 182 
Hsrracoldea. Sec Comes [250. 
Hyrax Abyssinian, i 104 lUust ) ill 

— Syiian 1 104 

tree in -so (illust ) 

Hystrlcomorpha n 178 
Hystrix cxlstata, 1 139 u 342 


I 

lanthina. m 413 

Ibex iMpine, I 117 III 151 (illubt ^ 

— A >biaii, 1 117 fi' 23CS 

— Grecian, i 117 m '’48, 2jq illust ) 

— II*m ila>an, 1 1 1- 

— Spanish, i 117 I illust ) 

Ibis, Afncan (/Tthitpica, i I/9 >60 

— scarlet, 1 179. 

Ibises, 1 179-180 ,.386 

Ichneumon, Egyptian, i 9I>>9I, IV 
grey, • 51 (illui.1 ) iv 386 

lohneumom, t9o-9> >'> >57 
lehneumon-Fly yedow legged, !▼ 
104 (illust.). 

Ichneumon-Files, i 37^73 » 107, 

360 III 388 (llluEt ^ IV 194 105 

lehthyomys, 1 1 9 
Ichthyophls glutlnosa, m 442 ^43 
lohthyopsida, 1 204, 237 
Ichthyosaurla iv 468, aor 
Idotea,i 4 i 5 11405 
Ignana, common I 222 11 192, 193 
(illust ' UI 52, 445 
nng tailed, iii 5 

— tiiberculata See Common 
Iguanas, 1 221, 222-223, ^29 u 192 

UI 52-53, 267 
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Iguanodon, iv 470 ilUist \ 

nium pi xua , I i 4 j > 9 ^ i 97 > 199 

= 4 '. *53 

njrsla loytale, m an iv 433 
Imago, » 356 . 350 . and ice Inseci*. 

vul III ^,.c [ill 319 

** Immortality of the Protozoa " 
Impatlona trloomla 91 9 

Impennez 1 15 a, ibc m 66 67 
Inacbus n 287 289 . 

Incisors, i 0-36 

Indlcatorldm Ser lit it*) C.mdes 
Indicator Sparmauni u 61 &4 
Infusoria, 1 49 -' 495 » -tx* 
i 1 m> Aiiiniali.ul«!> 

Inhalent aperture uf bivaWc 

1 I &, 1 i (3 

Ink-bag of uiulIu-,<. 1 11 i 

37 j 1 \ 466 . 

Insecta, Sec insect 
In&ectlvora. MamnnU insect 

eatiiij; 

Inseota, i 8 , i 6 , 34 '* , 4 < ’’3 “ »oi 

I 4 2oa--i7 -sJ >> , tJ 

391 294 , rg 6 3 XJ j 07 u 311-316 
3*3 3 0-3 a, 46 17 ji 7 j V 

37 j. 4 7 44 4 '> 4 <J'^ in 0 3 i 

103 163-167 170 s 

276 , 09 -tia 1 4 4 i\ i 16 

29 34 , 3 ” i 43 Sj 1 

81 83 vjr 91 44 I I 14 

166 , 109 TOO IS jl 00 lo g 

340 41 9 J 4 - 4 >’’ 4 4 

4 J;> 4 4 4>2 4 ^ 4 

— ti 0 i f 1 

— eMiiict l 4 3 464 

— fnnm,wiii,tJ i 51 3;>5 u 2 x 6 

— h ill ingca bee bugs 

— mi I rant winged i 31 , 369 - ‘’4 

II 10 ro ii >7 20 >1 I 

307 js 8 in -,tt >-,93 u lOw i o 
JU 4 t 9 S 33 S Js 6 

— iM .1 winged 1 :> 3 ‘' 4 -j 8 o ^illu t 

li 110-116 21 142 4^7 III j 

383 386 IV lA) i 

— prijing, i 3 S 1 11 ii 6 - Ii 3 ill j-B 
Sec also Mai tis pr 

— scale winded s r Moths and 
lliuiertlies 

— sheath wiiigid See Beetles 

— siitk an 1 le if I 381 11 297 
299 ,S 9 111 ic^ 1^)3 llust , 37 

rv- 

— straight winged i x^i j 3 o-j 83 11 

Ilf 116 , 213 , 250 99 315 -J 16 III 

* 77 f 377 3 E 0 »' 457 

— l« winged See Hies 

— wnitlesb I 33 ! 3 ® 4 - u 21 3 214 

n I ji 4 i 7 I f 5 

Inittnet and Intelligence 118 iv 

— l irJs IV 5 ^ 130 1 34 I 6 

— -eels, i\ 3 36 loB 1716 

— nninirab iv i 5 14 

— m Uuscs iv ct s 

Interambnlacral areas 1 42 ” 4 s° 
Interfemoral membrane of U<i> 

1 I 11 3 S 

Intestine 'Hid Diwesli^'e tube 

— in i>T ibian', i 240 41 ,3 

’ ir l> I 1 46 

— 1 h s I afo -62 jjo 72 

— 1 1 g/* I 3 >, mC- 

— inicnmaU 13-, 37 69 111 it 
rei t Ics I » J 7 2 or 29 . 

— smill i 1 46 

Introduction >119 
Inutts ecaudatUB 1 73 75 


Invertebrates general md eiissi 

fication, i 6, 302 3e4 See alikO 
under the \anous grou) 

Ipnops Murray!, iv 443 idlust 
Iris, 1 58 
Iron age. iv 208 
Iscblum I i 45 » 190 197 239 752 
Isolation IV 488 489 
Isopoda I 4M 415 (illn''t ) II 14 
143 22 404 405 IV 199 

Ivory iv 394 ‘js 47 i 

Ixodes rediisuis iv 3601 
— rieinus iv 135 


J 

Ja^anas m i s i o dlust ) 
Jacarea, i .10. 

Jackals, 1 >1 u 13 if (it / 
Jackdaw, 115 u 235, 236 m 4, 
Jacobi si IS 86 
Jaguar 1 F"' u 10 m 247 iv 47 
Java Sparrow 1 is 89 
Jaw-bones 1 < 1 tilust ^ 108 

I dlls ) See d J Wh 
Jaw -joint 16 1 , See tl 

JlWS 

Jaws aiijhiliii I 39 10, *53 

I I rds I 143 141 i 

h hes I S) 60 I li t , '’66, •» ? 
70 71 277 78 262 

- i iveriel rit s Set M uil j irts 

nnniun's i 6 y M j 8 oi 

1 ^ I II 7 

rtpi les, t II, 19 ^ 2 o6 i > i 

,>1 15 229, 37 II Mo I 

- vertebriicsi 16 I4 dhisi 

Jaw-spines, if eehm let III 1 4 
Jay I isi I' 97 

Jefferies Rithirl if 7 
Jelly- Flab (see tU ( inbjillies 
, 1 463, 481 483 HI »i 

3 17 t> yi 7 17 35 X IV 7 

33 34 , 4 ^^ 4 ' ' 14 

cimpound i |8i ii i6t i6 417 
HI 19 327 l\ lOj IL4 

Jelly-tnbee i y 2^4 

Jenkln, f’lctnnng IV 4b8 

Jenkins, J i rivis jv 01,283 

Jenks IV 208 18 

Jenner Weir, iv 1 19 

Jerboa, Lgyputn u 319 (dlust 32/ 

III I 96 (iliust ) 
live toed iii 195-196 
Sibtnan 1 131 (illast ) hi 195 106 
three locd, in 196 

Jerboas 1 131 •' 279 •» 'sr >^4 »97 
Jobn-Dory,! 27, 274 iv 272 iIIum 
J ohnston Sir Han> n 17 iv 243 
Joiated-Umbed Animals lArthru- 

poda) I 304 342 424 II loi J45 

2 2y ij; 3 M 4-0 407 4 1 
444 n ir I i 17 . ‘74 «6 

7 ' 7*' 331 t IV 1 if 

460 46 4‘ 

-nr brcitlii g i 47 141 402 
* 1 I ‘tn Ml 4 ^ 424 
rl issih n I of 1 34 34 

extinct II %7 IV 460^ 4 2 
Jolnt-glllS II 400 402 See 2 (»ills 
Jones K\ mer, 111 32 
Jouannetla 1 411-411 

Julus giitt-ttns I 396 

- I undinensis i (372 

- icrrestm i 396 •> 219 111 225 


Jumping-Hare, Cape, m 195 iliust), 

252 iillust 

Jumping-Mice. 1 131 ui 192, 194 

197 Sec also Icrboas 

Jnmplng-Monse, Nmth Amcnian, 

III 194-195 [(lllusl ' 

Jnmplng-BhrtiW, Cape, m 197- 19& 
— rotC, III 108 1 197 198 

Jumping-bbrews, 163 h 37 >» 

Jungle-Fowl red 1172 ii2j> 1V240 
jurinea mollis iv 8? 

Justinian, Lmiitroi IV ?S9 


K 

Kalnosolc epoch n 4^7 473 47<^ 
Kakapo, 1 1 II 3ig dill I ) 320. 
KMlltma tnAohla n ;8 dluvl ) 

Xancbll, 1 109 no dlusi m 150, 
15 [illust } 

Kangaroo re 1 11 iSu 190 (illusi ) 
Kangaroos i 14 f 1 n 4 18 322 

3^4 3 f 7 ill i8i 191 47H 4''9 (lllusl , 
4‘*i IV 89. 

Kangaroo-Rat < nii 1 ijo 

dius ) 1 31 III 1)3 134 (dlusl ) 
Icsieur 111480 
red 1 1 48 e 

Katydids 1 3 3 
Kea 1 1 f 

Kearton c md R 1 7 u s 54 ui 
Keeble 11292 (185 468 

Kent *'avdle, IV 437 
Kemer iv 64, 70, 62 89, ;2, 1 97 
9 94 96 97 
Kerr i -'iham, 11 456 
Kestrel 1 174 iv 227 
Kidneys 'see 1 vcrel ry org n 
“King Charles’s oak-apples ’ 
3 '"’ 

King-Crabs i 343. 4^2 4 3 u H 4 '- 

14^ 406 4 7 III ,6 t iv 462 
Kingfisher, Fur pe m I 164- 
Kingfishers 1 164 10, (di ivi n 14 

“ 454 47 > 

’ King of the Herrings ’ 1 290- 

2 Jl illlivt ) U 3S7 

Kinkajou m 247-24P, 25-, iiiust ^ 
KlpUnig, 112 IV 223, 386 
Kite, 1 175 

Klte-Flylng 111 '•‘’y 291 
Kittlwake I *68 111 455 Illust 1, 4 s 6 
Kiwis i I '’7, 190 «» 68-6 J 3-0 M‘ 

*32 449 45 
Knee of birds, m 65. 

of in imni ds, in 140-141, 

Knee-joint i 33* 

Knee-pan 1 33 

Knot 1 169. 1260 479 

Koala, 11 160 , i 3 i ill Uil ) 321 111 259 
Koodoo (immoii ii 36f 
Kralt IV > 

Krauss n 14 > 

Kreuz spanner i 
Kneghoff 111 2/j 


L 

Labial palps 1 33*, u 24B 21 s e 
xImj Mouth parts 

Labium I 346 See nls> Mouih 

p iris 

Labrax lupxu iv 8i 

Labrum I 346 See also Mouth parts 
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Labnu nuumlatu, 1 376. 
L&bTTlntbodon. iv 467 (iiiiut.). 

Laoe coralline. 1 437 [laa-iaa 
Laoerta agihs, 1 191, 335, 11 a8i , m 

— rouralis, i 325 iii ^7-268. 
ocellaia. 111 445-446 
vindis, I 225, IV jQi 

Laoertllla, I 203. 221-227 and see 
Li?ards 

Lace-vlng Files. 1 377. 378 n i >4 
Lacon murlnus. u 359 
Lacteals. 1 )8, 43 
Lactuca aatlva, iv 91 
Lady-Bird. •.even spoiled, i 369 

— two spotted, I ^69 

Lady-Birds, 1 366, 36; illusi ), n 109 

1 10, 308 IV 59. 

Lamargus borealis, i ^86 
Laicena, 1 150 

— scmniuda, iv 454 

Laicomys Alplnus, 1 1^5 

Lasopus mutus, I 173 It 390 IV 134 
Scotirns, 11 219 is t76 377 

LagostomuB trlchodactylus. i 

131 “ 17 

Lagothrlx Humboldtl. 1 77 
Lake, IV .60 

Lama |;uaiiaLU>, 1 173 111 1S3 ^32 

lama, i ia3 iv ajt 23^ 

— pat os 1 I V , M 3-* 

MLIini l, 132 , lU ts { 

Lamarck, iv 477 47^. 4‘'9 
Lamarckism, tv 4P9 
Lamella, oi sponges, 1 4^4 

I)f zosipliyics, 1 467, 468, 474, 479 

Lamellae, lii -69 

Lamellibranctala, 1 t»i, 3*8- ,33 n 

'48 250, jgq 111 8, 36 17 104, 
108, ifco, 319-321, 405 411 IV ir, 
398 199 

Lamna comubica, 1 3 6 . 
Lampem, 1 391 Mlust n 01. m 
4 i n .79 Itv 73 

Lamprey, nvt'r, 1 791 itiust m 43 1 

— sea, I .yi ii ji 92 ill 423 1% 79 

— sill \ll I 291 111 42 3 

Lampreys, « 293 . n gi 9'’. 

385 (lIlUsl 

Lamp-Sbells, 1 J04. 4 18-440 n 60- 

261, 27>, 339 34 ‘*, 4 ” "‘8 iv 463 

extiiiLI, It 340 IV 459 460, 479 

Lamoyrldee, n 323 
Lampyrls noctUuca, iv 165 
Lancelet, 1 61, .o, ^q; iHust n 

344 34s (lIlusI I 182, 3% llIusl 1 III 
b, 40, 214-215 dlusl , 342, 344 34 j 

(lllllsl , IV 4t> 

Land-Snalla Sec Snails 
Langley, m 307 
Lanins coliuno, 1 158 
cxtubitor, I 158 1165 
Lantem-Fly, Lhmese m 179 iillust ' 
Lantem-FUes, 1 353 »» 179 'Scs 
Lapwing. 1 169 111 454, 47-* I'lusi 

— spur winged, iv 404-405 (illu!,t ' 
Larks, 1 156 11170 111301 

— desert ii 379 

Laras argentatus, 1 168 111 57~58 

- ramis, i 168 

— fiiscus, 1 168 

— gUiicus, I i68 

— leucoplerus 1 168 

— inariniiM, t 168 

— ininutus, i 168 

— ndibiindui,, 1 168 

Larva ipi Larvee , 1 149 »» 347-348 

— aeorn headed worm, iil 7, 420-421 

\ol I\ 


Larra (Cant.) 

amphibians, 111 434-435. 43®. 437. 
439. 440, 44*. 44-?, 443 See ali.0 
1 adpolea. 

— -itinelids, 111 7, 359-360 IV 199. 

— a!.cidians, 1 298-299 111 38-39, 421- 

432 IV 38, 46 

— eru&taceans, 1417 m 25, 27 j£, 36^- 

365, 366 367 368, 369 IV IQ7, 10 
eeliiiioderms, 1 450, 461 111 7, >3 

354-357 

hshe;., 1 302 ill 423, 431, 43. 134 

— flat worms, 1 444 iv 01 .0 1^2-, 

— iiiseels See I'sj Njniptis tiid 
Caierpill in> 

meinbriiK winged, 1 370, 371, 

37'*. 373 “ <«>l, 204 3.7, 3 b, T-o 
390, 39*. 392 IV ijo, 115, ii 6 , 1I^ 

120, 194 l ys -^6 

net winged 1 374, ^7<> 377. 

37 >i -379 II III iij. *14. 11-. i't», 
467 111 385 3 6 

— beetles, 1 36/, 369 ii i if i<xy, 

no, 200 *ii jj7, ij) 111 . 4, 

Jm. ijf IV 19 ,103 i<l4 i 9 iai 

I 353 " 1 -^ '7 s 9 "I 

‘4 S 

- flies two Winged, i s 7 15 ^. n 

121, Kl 210 t(l -.4 4b 4b in )C) 
ijc 402 403 l\ j’ I 7 1 71, 15 J 
351 

— Ill .ths ind I iiltcrfli s see C Uer 
1 .1' irs 

— king i ribs 111 367 

— in ifiiisi s III j-, 404 40s. 406 407, 
411 41-!, 414 

— m sfc jM i\ 1 os 111 7 

— msriapuls 111 17'* 
ncmcriines, in 41 ) 

— sponges 111 342 

— 2ooph>tes, III j5o 353 

Larynx, buds 1 147 

III tminils, I 47 ilhisi ) 

Laslocampa quercus t 3 <'m >v 163 
Laslocamplda m 4 « 

LaslUS thsus I 373 I 119 i-'o 
niger i 373 is 119 

Latax lutiis, 11-3 ^4 »» *’7 ‘v 3^4 

Lateral line, 1 3, 2-1 13. 43b iv 

Latex, IV 80 <^i, o hj 

Latrodectus scello a >27 308 
LauglilngJacka8e,ii(^4 lo-, iiiuxt . 
Law, 1 17 

Leaf-green See chioroph) 11 
Leather, iv 310 n- f,5i 

‘Leather-Jackets , n 215-216 iv 
Lecanluni rlbls 1% 35* 

Leech, ash IV ^00 lllust ) 

— green iv i f 
horse II 149 

— iiiedn mil i 332 11 147-148 lllust ) 
III IV 321 

Leeches, i 425, 432 4,3 u *47-*4o 

409-410 111 -7 OQ ,6o 361 1' 8 32 
lind , a 14S 149 [200, 34* 

Leeuwenhoek, n 43 

Leg I 31 3* *'• * ^Iso 1 ibii ind 

1 ibiili 

Legs (see ilso I imbs. Appendages 
irai.lmids, I 386 3S9, 393 

— birds, I 141, 188 in 58, 59, 62, 6s, 
126 iz8, 1 T9 IJO 

— crastaeeans, i 403, 406, 41 3, 414, 420 
III 28, 169-172, 277, 278 

— insects, I 345, 381, 382, 383 11 113 
114, I'S, 117,1*3 III o 30 165 167, 
176, 178 272 223, 27 b J74 >v ^54 


Legs (Crmi ) 

— mammals, 1 31-32. U354, in 140, 159, 

x6i, 162 [163-165 

— myriapod*, i 394, 395, 356, 397. 111 

— pcripatu!., i 399, III 101 
TAmmlng Norwegian 1 ly illust /. 

Lemmings i ijo a 177 
Lenma, iv ys 

Lemur, be a m *4 3 lllust ) 

— catla ‘see Kin., railed 

— dwirf nil list 111403 
ling t iile I, 1 TO lllust. 

Lemurs its 79 n 22^., 320, 

III ’4*>-^4I 49‘T •' »40i 4J«. 

422 4 1 4.7 47, 

— slow 11 y iPust 111 242 ■’44 

Lemmoidea see l tmurs 
Lens of Eye 1 :,b a 4. 48 [247 

Leopard Mneui, 1 8 115,7,10 m 
Leopards iuintint,, > 8b n It^ii 
dm I 111 1^7 158 

Lepas anatlfera, 1 417 41b n 254 

111 c 3 04 1 ft 

Lepldodactylus aurantlacub m 
Lepldoptera sue ils> Miclis and 
luillLi rill s , 1 131, j^8 ,00 II 1*0, 

ii\ 21 ,, 23 , 20, 04, 97 -5' J07- 

3*8 311 }i4 34C-347I 359^-0 
40 «v 351 353 I456 

Lepidosiren, i -< 4. ^65, a 63, 
Lepidosteus, 1 20& 113.4.422 
Lepisma saccharlna, ■ 384 a 14 

LeptOCephalUS breMrot>tris, III 4 4 
Monisii III 433 li,ill isl 

Leptodactylusmystacinus, m 437 
Leptodera oxopblla <1 ' 

Leptogorgla vlrgulata a 285 
Leptoplana tremellarls a i-, ai 

20 21 |ai ^s7 iillusi 

Leptoptychaster Kerguelensls, 
Leptostraca 1 i>o 4*^ >» 3' 5 

LepuS \iieii anis ii bo 

LUiil ulus I y I 4 11 174 17^ 

4^. IS 141, 43 244, 31.8 37s, 86 
timidus 10 I 4. a »74 ai 188, 
48->, 463 IV 244 
Mn dulls 19 1 4-125 11 2S9. 
Lenusa, \ 107 iilust 
Lett, I a It. 

Leucandra aspera, 1 487 (iIIusl). 
Leucanla pa liens 1 164 
Leuclsous ilburims, i\ 396. 

— eepliilus, 1 *8 , 

— pho inus, I 28- 

— rulihis, 1 2*^2 a 449 450. 

Milgins, I 283 iv 3Qfi [203, 

Leucocblorldlum paradoxum, si 
Leucopsls glgas i\ 195 
Leverets ■ i-'i la 483 
Leverrler 1 

Levers, la I:, ilIaM ^ lie, 30 210 

Lewis m K I % >"«si ' 

Libellula depressa 1 ■'5 .7 t> »* 
Lice, I 2S4 a I? , I \ in ^ 4 IV igo. 
Lichens, IV 65, 75 76 dlust 
Llesk a 221 

Llfe-hlstOrleS m 16, 235-139. 349- 
acorn heidcd w rni ni 4"^) 4 i 
amphibians, i 2 54 a 457 4S8 11145- 

46, 434-443 

— .inimalculcs, 1 497, 498 in 3*7-325. 
333 334 >v 341 

— annelids, 111 329 130, 3,4-335, 358- 
36* l\ 199 2«>i 201-21.7 

— arachnids, 111 373-377 iv 195-196 

— ost d.ins, 1 298, 099 III 38-39, 4’i- 
422 IV 105 106 


129 
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Ltfi»-lilitoriti {Crut ) 

— Urd<«, lu 44S 47^ {19^-100 

— cnjuiLcans «• ^7 a®, 163-^69 iv 

— ethinodennk, 1 450, 461 ut jab-jao 
354- «7 

— fishes, III am -434 IV 283-383 

— (Ut worms, flukes, 1 444-445 iv 

MO -303 

planaiun worms in 339 

— — tip*. w< rms I 443 441 IV 20 - 
ao 5 ^ 4 - j 43 

— iiiscLts, men hr u,«. wingeJ i 171, 
37J II 03 III 36O m3 IV lob-i o, 

* 94 -« 9 '>i '’■>® 

iicluiiigcti 1374 , 7 < 3'''' 37b 

379 11 464 4ti<) 4t 111 3Jij ,So IV 

lai I » I 77 3Si^ 

‘.irnghl 1 3s»J 3i>u 1 1 

win,;J«.ss in >77 >9 i<v 4 

— bccilc'- I j 67 11 jii III mj ^-1 

— hugs I jS, 11 217 111 j 50 

381 i\ 3 *.) bi 

flics tw uiigcd I Ijl j 7 11 

4«- 4< ft III 40 44 i\ 7 lyi 

in Jills ind luiiter lie 1 1-,^ j'o 

361 i* , 3^4 3 111 < ; 4 . 

1.11 ^ mbs, III 3tm [i\ jj 59 

hiicckt III 34 >44- >43 

— n iiiiin il>, III 474 431 

— molluscs i 3 j 4 III 4 4 419 

— rnjsspol%pc 141J 111 ijo Jji 

— ni> n ijs (1 III I'ct- 73 
neiiivriirics in 417 
pcii|Mliis III j 7 U. 
rcj-lilts III 443 44 i> 

s{K,i scs 111 3 , 341 4 4 

— llircul » jriiJs I 44b 44y i\ > t 
34 "’ 444 

— /<v p'lMes I |'3 48 4' in 

P I ) >»' 449- " ’ ' 4 

Ligaments \ ^ m 141 14 
Llgia oceanlca n m) 

Ligola 1120, '’06 Set als Miiil 

I nns of II St I Is 

Llgurtnai chlorla 1 l^6 n 187 

T.ltna III h 37 406 

Llmadna iv 451 
Llmaz III 414* 

ncrcslis 1 8 I 47 IV 348 

— m ivini IS n 1 I ) f i 

Uxnb-glllB 11 4 JO 4 > See ils 

( ills 

Limbs s e ii 7 An> >1 i c s 

Dibits \r 

lint Ill’ll Ills IS-. I 1 

III 1 T 117 11 J . IT Iw 

lllll I I I 4 

— hirils 114 141 II 5 » I 6 

6-, <'7 1 j 1 32 I 67 , 4 

— fish i^ 

— mammils 142, 61 f* ji 

<y8, I < l»l I II > I 

70-86 13 1(4 147 I 

3 <.l ''7 41 ■f'*’ y 4 

— r« pull s, 4 19^ iff 7 II I 

2|6 2 23 III « I > 'I 

124 m II ^ 7 ’ 

verti 1 mi» s 161 111117 12 illiisi 

— PV( liiiK n of 111117 121 


1 UnmoliataB stagnomm, i is4 » 

I 123-J34 

Llnmophlliia rbomMcna, 1 375 

llllusl ) 

Llmnorla lignonun* u 322 m 325- 

22t> 

Llmosa beigtea, I 169 II 66 
lappoiiica I 169 
Limpet, bonnet , iii 41 3 

Lommoii 1 32., 11 IQS 19^ iliust ), 

I 3|6 ,37, 39i g6 4^^ (,3 in 104 
272,412 415 liliisi ,416 417 ilhist 
I ‘v 3 v 4 * 4 57 >£ ifln-t 

j - John knov s I j 113)^ o 6 lillust 

I ktvholc 1,-4 ll J 4 

Limpets I 24 11 ig 6 197 I )) 

III 416 417 

Llmulus 14.4. illust II 144 14s 

4 , J7 111 ,6 ) 

- (i 1)3 hi.nn s in (19 (illust 

I Llnatia cannabina n is- m 470 
Lincecum n ^ 

Llnckla miUtlflora m .q iilnsi 
Lincklldse m > 1I1 isi 
Lme-Flslilng iv < • 

Lineus marinas 1 , 

Ling IV .< s r s 

Unguatalldse i ^7 u iv i<>o 
I Lingulella iv 46.. 

I Llnnasa borealis i> 07 iHhm 
I Llnnaaus 1 u 1 >, st u 4 

Llnnd k «ri \ ji s « i 4 n c ■ 

Linnet 1 156 11 14 ill 1 t 

Lion 1 11 - O III 4yl IV l” 

4s 21 31 4 I I hi,( 

Liopelma n 4 
, Llpoptena cervi iv u 

Lips I utl r ^ Is tvc M uih 

\ irts (i 

t m i nm ils i , 1 i n 


Unrds [Ccut^ 

19a, aSi-aSa, 3*9, 333-334. 344 343, 
370-371. 4*4. 4*5 id 5«-5h Ml. 

133-134, 184-185, 207-310, 367 370, 
286-387, 33a, 445 44<» 1'' *51. iS-i, 
- agamoid, 1 221, 333 [328. 

burrowing, 1 225 See ilso SkiiiLs. 

— common, 1 331, 22s 
dying, I 333 III 287 

— scale footed, 1 221, 223 


snake , 1 231, 2 4 ..4 11 7(1 


reversible, 11 76 in 

309-210 

(illust 1 

1 P 

thorny tailed, 1 222 n 77 

lllllst , 

— 1 unisian 11 77 pllubi 1 


VfllOmOllS, 1 221 2S^ 

» 154 

355 (illusi IV 338 

I2, 

Llamas, 1 130, 172 (iiiust 

IV 1 

Lloyd Morgan, 17 n 74 443 >v 49, 

50. 53 . 5 h 59 » 5 f, iPc. lt»i 

40 -' 494 - 

Loach loinmoii 1 '’83 11 4)>. 

spilig 11450 


Lobelia cardlnalls, iv 89 


Lobster Anicnciii, IV 297 


4 minion, 1 4 . 444, 442 

4L 409 

illust ) n 135 1 37 40c 4c 

lllllst 

111 169, 277 .78 lllllsl IV 

W 

Noiwt) , i 412 

1 lllllst ) 

— rock 1 410 413 illust 11 

1 Q 

4 S III 31 P IV 4- 

( 4 < 

Lobsters m 37 4 f > 

IV 4 l, 

Lob-worm, connii II II I. 

>' <4 

"Local death" 1 4 n 

1 lllllst ) 

Locust niigrU(r>, 1 C2 1 

1 1 IV 

1 4.;^ 45 ill isl 


' 1C 1 1 ^^1 (1 111 4- ) lllllst 


1 Locusts 1 3f 1 ib II .1 4 4 

; 111 79 

1 IV 41b 43(1 3 b 

li 7 

Locusta vlrldlsslma 1 

1 11 I 6- 

Locustella naavla 1 n 



Llthlnns nlgrocrlstatus 1 , LocustldsB si i.nsi \y rs t»iecn 

Him Locust -BhriflfpB I 410 41 414 

Lltbobius forfleatus ■ i m » i iilusi ) 

. 1 III if r / "Lodge ” c f U ivtr IV I m 14a 

J. Llthocolletia cory^ella 1 ^ Logger-head m v , lo 

Llthodea maia II Loir Sn I > rill sc r it 

I Lithodomua min |iv >7 1 Loligo vulgaris ■ 114 >>94 

I Llttorlna .u rcl 1 4I« n n/) (6 Long Inmis 11 IQ I111417 4ih 

r ’ tiisai I I I "Longlcoma" 1112-4 

I ni IS 1 n 4(0 Lonlcera 3i| ik< n I iv 94 

Llttorll&ldaB II 439 4O0 Set also 1 IniscT iv 7 hS 

i III rill Looping movements 1 64 42, 

Liver 174^ »^7 11199.10 10 107 

'Liver" tubes i Lopblus plscatoxlus 1 .74 » P4 

Liverworts iv illust m in, 

J Livingstone iv is Lophobranchll 1 2- ■'6 

Uzaid c ll 71 rls^ Lophohella iv 44f 

I) k)||H-iiit 1 22 Lophophore n 61 

I r I / II 7- lUiist Lophopus crystalllnuB 1 4>'’ » 

ll r. t tJ 1 - 5 261 III I HJ, 

1 3 | I hill 3 Lories n igi 

I < nil I > Lorlquets n 191 ( iIIum I 

\ I r 11 77 illust Loris, lOiiiiitoii II Jsu iii 241, 742 

1 r p, 1 I SI iki cvtil I - > illiisi ,.riLilis. Sec Slrndtr 

- (M I III 44S ((6 slender. Ill 241 (illuftl .4 

fniic. 1 61 1 , i24(iitiisi Lota vulgaris, 1 279. 

(filipig s Hud II 10 Love-Birds, 1 UA i» 4>c 3<j1 

« lllll., ssri 1 .2.3 n IQS III I Lower Jaw-bone, { 21- 108 see 

I 'll s ilhist also Jaws [i8 


mrit*ifK3tioii of 1 61 f// 67, 70, 
104 127 140 

Umenitis misippis n 312 

— Mh\IH II 312 

LimlcoliB 1 >52 168 160 

LlmtUSa Magnalis, i (28 11 434 

34, 104 106 414 iv' 18 

— truriLaiuU 1 444 iv j 6 o, j 6 i 


I II I 22 ) IV QI ( lllllst 

I — sand I iQi 203 II Pi hi i i. 
S| iiiish 111446 

stump t nUd 1 226 illust 11 76 
vivipirous III 446 
wall, I ^25 ui 267 368 
Lizards see aKu Iguanas Mniitnr^ 
&c , I 199, 20J, 321 227 11 73 76 


LoHa ciirvtrostra, 1 n <^7 

Lubbock, Sir John. Sec 2\\(hur> 
I ord 

Lucanns oervos, 1 36 ? 
Lucemarla, 1 4 ^'^ 

Ludola, IV 16 s 166 

Lugard < apuin, IV 240 I III 226 

Lngwonn, 1 4 diuht ] n 4 uP pm 
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LumbrtOm herculeui, 1 431 , ii 358 

— rubeilus, ut 361. (ui 228. 

Lmnlnoiu organii of mMcts, iv 
Lump-Flilii ill 4is [165-166. 

LumptuokOT, it J92 
“Lung'booki", • j86 n 443-443 

See also Breathing organs, of aracli- 
md-.. [n 83, 456 

LunS'Filh, African, 1 264, 265 illuttj. . 
— ~ Australian, 1 ^64, 265 (illust ) . 11 
83 84, 454-456 [li 83, 456 

— South American, 1 264, 265, 266 
LuBg-Flshes, 1 257, 264-266, u 83- 

84. 330. 4^-*-421, 453 4j6 ‘V 29- iO, 
Lungs, I 45 47 •" 420 [4(1-412 

— amphibians, 1 240-242, 244-245, 254 
256 II 422-4/j, 4^ft, 457 

birds, I 47. II 426 427 illiist 
criuULeans, 11 44), 40g. (421-422 

evolution of, 1 47 11 452 453 m 

— h^hes, I 264, II 4:) { 456 [ illust 

— mammals, 1 i*; 47, 67 11 427 411 

— molluses, 1 3- 11 4^2 434 illii*-! 

460 461, 46 2 

— rcpiilts, I -o-, oy --ft ^->7, 2 a, 11 

Lung-sac, n 4 o I4 4 4.6uilu-.t 

Lung- Worm, u ,t 

LUTM, of hshes 11 84 So 

Lutti 1.1' 

Lutru kliii i, it 

— \ul41r1 11 11176 

Lycosa, u 114 

— nr-uir 1, 11 1 , -1 31 

— nrantula ii i o 

Lycosldae 1 >■ ,7, 371 

Lydekker, 1 17 >» >94 41 
Lymph. » 38, 4i-4‘«. 4' j 
Lymph-systom <1 lunclui" 1 42S 

( f ni'iinin ils 1 , 4143 illust 

Ljrmphatlc >,1 mds, 1 4 

— vessels i 4-' (''j 

Lynx, Polar Mil„ in*', i Z illust , 
^piiii*'i pard nil 1 t 

Lyre-Birds, 1 it r 
L3rrlooephalus scutatus, m 270 
Lyrurus tetrix n 2,; 

Lytta veslcatoria, 421 


M 

Macacus 1 >nomoli;u* i 73 

I iud-i(us I 74 

IK iiRsirinus, 111 j ,j, 34 

- rli sus 1 7 3 
*ilemis 1 74 7^ 

Macaques, 1 74 75 

Macaws, 1 ifo iv 390 illust , 301 

MacBrlde, III 92 [2*7 diust ' 

MacDonald's hatching-bottle, iv 
MaeglUivray. Ill 61 
Machalrodus, iv 474 
Machetes pugnax, 1 it>q 
Machllis marltima 1 384 
Mackerel, cmimion, 1 274 m 42, 41, 

lllu%t , IV 270 illust 

— Spanish, in 41 43 

Mackerels, i -74 " 84 128-127, 

270 271 

Mackerel-Pikes. 1 275-^76 
Macroblotus, 1 394 . 

Maoronuoleua, 1 493 m 323, 333 
Macropodidsd See K mg irons 
Macropomns vlrldlauxutus, m 
Macropus n iBj 1 437 

— rufus. 111 189 190 


MkOrOIOelldef tetradactylus, iii 198. 
— typicus, I 83. Ill 197-198. 
Ma/^pora laxa, 1 475 (illust.). 
Madrepores (madrepore corals), i 
452, 475 l95-^ 

Madreporlte, 1 4521 4581 463, m 91, 
Ma^nPOt, I 356 bee Larvae. 

Magot, 1 74* 

Magpie, 1 153- 
Mala, II 287-289 

- squinado, i 411 'illust ) 
MaU-SheUs, 1 140 341 villust ) II 342, 

391-392 (ll'llst ) 111 104. 404-405, IV 
16-17 'illust ^ 

Malacostraca, I 410 See also Crus- 
tacea, liighei 

Mallard See Duck, wild 

Bfalleolar bone, m 152 
Malpighi. 1 12 

Blalplghlan tubes, of insects, 1 349 
Maltby, w B . .1 45s. 

Mamestra brassies, 1 364 >v 352 
Mammals, 1 c, 00. 03-138 u 1-44, 
164 ifii, 224 2J4, 279, -89 290, 294, 
301 30,, 4 7-431 11168 80, 132-162, 
180 190, 199 207, 232-261, 281-280, 
29' 275, 3)'’ -9 30, 88, Bo, 134- 

142, 144 146, /o3 213, 220-245, 301- 

3 , 327 3 I t6, 345-347, 300- 

7-)i fO-J /7. 94 395, 415 4'0, 4>8, 

41 I 4 o, 4 > 4-4 42:, 426-427, 429- 

4 S 4 ^ 

igg lining, t () yj, 138 II 44, 3 {2 
111 j 70 47 4-8 i\ 211 212, 427 

extinct I 111 112 III 83, 143, 2^6 
I' 171 47'! 4*5' 

fit shelling, I ( 8, 86 99 11 5 25, 

‘■•o 2JI, ,43 HI 75 8( 154 158, 18?, 

247 ^38 471 4)7 II 212-213, .20-22t, 
30 3- 07, 31/ 37 , jh. 386 41s, 418, 

4 >, 42 , 424. 4 ). 4}0, 472 473 

— gnwing i I.. 13-, II 174 17P, 

34, 3.1 3' ,4t U' t'O ''>8 1117^- 

75, if-r, 192 107, .02 . 5 2,0 25J 

2 ^t. j ,V , .12, 

,07 , s7» s7i. 60 3 7, 410, 418, 

421 3 » , 430 473 

hiiiili il I ( 8, I J4 11 1^5 <71 

I 4, I’l, so 154, >6, 366 III 

13- 1,4, I So 188, >48, 749, 4E6 490 

u 14 > 14 . 144 14' 2'-, 373 374, 
|i, 41' 418, 4 o, 4 2, 4.4, 4-6-4'’7, 

3 I 4K. 47-’ 

iiisi.,.t t HI ig see .list! Hits, I 68, 

( II ,1 \b 111 71 72, 107 iq 8, 
2uo -X) , 24, 247, .81 ’8/ 4'’4 4*^s 
iv 21 , 415, 416, 4-’0. 4 4 4, 429, 

475 

— pouched I 6 7, 1 36 I 38 II IT 4 , 

180 ib), 323 354. 43 » 431 III 70. 

18S 172, 205 207, 157-/61, 284 rhf, 

476 481 «v 4", 41^, 437, 430, 474 

- Sceal o Maii.Moiikcx s,,\r Lemurs, 
Cetaceans, Sea>( ows, Lleph.ints, 
Comes, and 1 deniifc 

Mammary glands Sec Milk- 

glands 

Mammlllarla, iv 9s 
Mammoth, iv 394, * 'illust } 

Mampalon, u 13 

Man, 1 15. 21-59 , 70-71 »' 6, 

225 ill 8, 158 162 (illust , 233-237, 

Manaklns, iv 431 [491-494 

Manatee, 1 102 illust n 173 m St- 

82 f illust \ 490 [iii 81-82, 490. 

Manatus Americanus, 1 102 11173 
Mandible, I 28 bee also Jaws 


Mkndibles, 1 345-346. See ako 
Mouth parts. 

Mandibular areh, 1 3601. ((illust.). 
Mandrill, 1 75-76 (iiiust. iv 145-146 
MangOUStl, crab eating, 11 14. 
Mangouitls, 1 89, 90-91. u 11 - 14 . id 

156-157, IV j86. [42, 295. 

Manle pentadaotyla, 1 136 , 138 . u 

Mantlrtm, See Mantis, praying-. 
BlanUs, praying*, 1 381, 11 117-118 
(illusL), 315-316, III 167, 378 (illustfi. 

Mantlsnet-wlnge.iiiiB-iMtiliu'kt y. 
Mantlspee styrlaca, n 114 
Mantlspides, u 113-114* 

Ifisntin rellglosa. bee Mantis, 
praying [404 iii 369. 

“Mantis-Shrimps", i 4>3 n > 41 , 
Mantle. of inollilfccs, I 308, 329, 330, 

11 412, 433 

— cavity, of iiiolliiscs, i 308, 312, 313, 
319-320, 327-328, 332, It 392. 

gilU, of molluscs, II J96-397. 

— lobes, of molluscs, 1 331, 338, m 

BUgnubrinm 1 479 [220-221 

Muyplles, 11 109 See also J^i/^es* 
live organs, of inaiumals, herbivorous. 

Mareca penelope, 1 176. m 58 
Marey, III 311. I398. 

Blargarituera vnlgaxls, iv 205, 
Hargarodes, iv 400 . 

BCarkham, Gervuse iv 244 
Markham, Sir Clements, IV 3(5. 
Marmoset, commun, 1 78 (iiiusi . 
Marmosets, 1 71, 78-79. u 225. lu 
494 

Bfaimot, Alpine, i 126. iv 387. 
Marmots 'see also Prane-Marmots), 

I 120 - 127 , i\ 135 

Marrow 1 24 25, 26. 28 
Marshall, Milncs, t 14 u 2 m 337 
Marsupialla 1 and sec ^ialn 

mals pouched 

Marsupial Mole. S«*e Pouched 
Mole |iv 403. 

Martens 1 07-9S u 2 .*. m 156, 247 . 
Martin, II 1 , IV 136, 139 
Martin, house , I 161 111 461, 467 , 

4 t. 411 IV fia 

— s.irie ' 1^1 III 453. 

Mask, insects, II 115 
ManlrlTig, u jd; jSy 

Mastacembelidm, iv 426 . 

M\8taX, I 4 15 
Mastodonsaurus, iv 467. 

Mataco, II 341 342 
Mating. Se*e t oiirt liip 
Matter, 1 4 

Maxillw, first, 1 345 J40 Sec also 
Mouth piris. 

— second, I 345-346 See also Moiiih- 

p. 3 ri« 

May-Fly, common, 1 375, 376 (illusL ; 

il 465 'illii t 

May-Fllee, 1 374 , 176-377 « 115-1*6, 

405-466 III 30. IV 164-165 illust.]. 

M'Cook, II 208, 209 
Meadow-Flleii, u 119 •illust. . 
Median lines ■ 447. 448 
Medulla oblongata, i 50. 150. aoj, 

253. IV 21 

Medusa (pL Medusa), 1 478 , 479 . 

480, 481, 482. .See also Jelly Fish 
‘‘covered eyed ", i 483. 

— “ naked eyed ", 1 483. 

Megachlle, m 391 
Megalohatrachua tnaximua 

247 II 457 . Ill i8 
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Mifalopa, lu t 8 , 366 (illutL), 367 
Mtfmlopt tbrtMoideft, iv 381 
Mtigaptlto (Ooura) vletorui. » 
Mif podlldw. Ill 450-4 5 ? [185 

Mifapod&llf eremita, 111 451 

— Layardi, lu 451 

— tnmuUii 111 439 

M o athartwn, u 397 iv 473 474 
Halaalm, IV 384 [443 

HeUukOM^ui Hnrrasrl u 85 S 6 iv 
Ma]£.«opliii ftmur-mlmiin m 

379 - ■‘49 

lItlM«rls fallopaTO. 1 17 a i> ^^>7 
Halet tazoA, 1 97 m >30 m 156 
KellanUkut major, iv 87 bo 
KoUpona lascicalata v ^41 252 
MaUlnuB arvenala 1 373 “ ‘oo 
MaUlTora a 231 
■olO^ IV tji 194 

JfolOldaL See lieetles oii 

Helolontl&a TulgarlB 1 3 bS u 209 

lU 224 IV 354 

■Oltvliaciui ovla IV 190 L 
MelOIkbOniB, n Jor 
MalopilUaeai undulatut iv 390 
Hambraalpora 147 (>42 

Mambranottalabyrlxitli, junphii: u. 

— — htrUv. 1151 
h 2 lH.S I 26 1 IV ^ 

— — nMiniuai*< i 5 ^' 

— — neplll«>« I 3 209 2J2 

verte >r 4 t(.s l«ser iv ^9 illust] 

MOlUtOl IV 493 494 

Monhadon iv jis (iv 56 

Xonopon pallidum 1 so u m 
Maphttls aulfocans u yii 154 

Xanpuiaar rc<l l>rei teJ I 177 II 54 

lilu^L III 60 I il vt 

Karganaera m 
M orgolua alio > ici 

Horfui ‘ilbcllit 1177 

— roercm-er, I 17- iiti 

— v:lT Iji I 177 II j 4 HI 60-61 
Xoritn I 1-4 IV 327 

■Orlucciua Tulgaorla iv fs 
**Momialda’ pllrae 8 ^ m 4^4 
Heroatomau iv 4 d 2 
Horrlaill, Hm m 233 . [m '»j 
**Xarry-tliouclkt'', 1 144 145 > 
Xaaaiitorlaa 1 47 ^ 474 4 ^ 
Maaoderm m 34 44 14 ? iv 47 

M x xng l difcx lU 10 \ 4 

Xaaotaraal ankla-jolnt. 1 u 6 no 
Xaaoaole epoch m j >*’ >v ^7 4 4 
471 

Matacarpoa u 197 198 111134 219 
■aucaaeata, m ^”2 42 
MaUmorplioaia I 350 I I 3 ■' Stt 
iil«o Life liivt^icv 

— acom headed wormv in 420-421 

— aniphibiani iit 434 435 4 >8 4 in 

— aKklinns iii 421 ( 44 * 443 

— criiviaceiii« 1 40 Q 

echi KMlerms 1 450 111 354 356 

— III 423 431 433 

— iii'scctv membrane-winged 1 370 in 

38 'j- 39 j IV 194 I 379 >»» 383 -ld( 

net winged i 374 376 377 378 

— straight winged, 111 377 380 

wingless. 111 377 1*93 

beetles, 1 III 393 399 »v 192 

bugs, III 380 - 383 , 

— flies two-winged 1 356 357 i" 

402 404 IV 19 Im 309 ~ 4 oa 

moths and butterflies 1 359-360 

— nioUuscn lu 405 406 407 411 412 

•— oemertines iii 419 . I 414 , 415 . 


Xatatanaa, i jt 144. 146, 341, 353 

11 197 198 ui 126, 134 

Matathaita, 1 68 69 and see Mim 
mats pouched [333 334 3 J 5 

Xataioa, i 490 494 >» ^ 318 325 

Kathod comparauve i la 

— scientific, 1 I 4 
Kathona Andanaonl n 382 
Kiaa See Orang utan 

Mloe, I 135 137-131 II 334 331 III 
463 IV 387 Sec aN > Mouse 
Mlcrobaa See Bacteria 
Xlcrooabiu pnillluB 111493 
lOcroooeoaa prodlglosus iv 78 
Xlorogaatar glomaratus 1 37^ 

104 I191 

Kloroclonua atarrimua u it 9 
Mlcrolaatas iv 4^4 482 
Mlcronuclaua 1 403 »i ^>23 75 
Xlcroacopa elTcc 01 stuiv of 

luolugy I 10 I 

Klcrostomam liueare 1 1 ^29 
Microtome 1460 
Microtua 119 <>1^7 >v 486 

agre&tis cuniiiioi held v Ic 119 

— amphibtus 1 120. 

arv ills souther i field vi Ic iv 4 S 6 

— glared IS I 12 ; 

Mli^e black. I 357 11 i 3 t 

plumed I 357 

Mldgaa I 3>7 II 131 467 468 IV 190. 

— Sind II 121 46S lUust IV I A 

Midriff I 24 46 07 148 2 >9 n 4 7 
Migration. 1 18 140 

~ as meins of protection n 3 9 • 

— birds I in8 11 39 41 “ t •' 

61-62 • I 63 7 

— fiihes MI 423 426 431 434 ‘V *28 
insects IV 127 252 257 

— niammils i 130 

MUlola I 4')9 ilhist III 6 (iliuM 
Milk in:> I4 > 

Milk-glands 1 65 ^ m 474 47s 

— «p«s 111 l mi Ilk Vs 171 
— floats I 114*^ 

— celitc u s III 4 4>i 

— e lenialc 11 48 

— elcr h Is III 39 c 

— Jcimirs i «o. [477 4 "'> 

— m im I Is C..I. l 2 > g I f 7 Ml 4’ 
hj f J I lov III 4S7 4 ** 4 

in-»cct c I I,, I j 111 I I 4S 

poiichc 1 1 ^ *0 *•» 4 '“ 47 y 

1 cow s I 1 

Millais 11 4 ^ 6 (i Ml 187 
MUlepora 1480-48* » *61 

BUUer's thumb i 374 iv 73 
MlUlpedas 1 342 394 9"* " '•'8 
.19 60 4 5 4‘7 '« '^3 *<^4 370- 

33 iv 14 IS >0 31 360 

— flittened i j9* illnsi 

— pill 1 396 

— snike III 27 f 19 1 1 372 

earth or r mmm 1 396 218 

London 1 396 Ih st 

spotted I 396 tilUiitt ) 

MllTUS Ictinus 1 17s 
Mimicry, u 3-** 3o«j 317 

srachntds 11 299 300 ji6 111 168 
birls, II 309 311 
inseat, II 311 3*6 IV lOf 
mammals 11 37 lu 246 347 

— plants IV 81 

~ reptiles, 11 311 m an 

Mlmulus lutous IV 90 
Mineral salU 1 33 

MtnlnL See Visoas 


Minnow. I 383 
M'lntos^ III 436 
Mlrlkls, 1 77 (iilust ) 

Mitchell Clialmers iv 414 
Mite cheese 1 193 illust ) 11 443 . 

— currant gall , iv 36ct 

— gall , It 317 

— hair IV 19^ illust ( {41 

— minge or it h i j9j iv 196 illust ) 

— meal 11 317 

— red fowl , iv 360. 

MltaS 1387 3>) II IJ2 317 ai9 44a 
443 «v 15 83 *95 *96 

Mltra, 1 321 
BUtre-ShelU I 321 
“Moas" IV 438 473 476 illust) 
Mosbius Ml 231 
Moggridge M 207 
Mohair” IV 

Molars 1 36 and see leeth 
Mole c miMiu 1 81 iIImsi 86 It 31 
37 (illust lu aoo 2 2 illust 484 
485 (iIIusl) tv 327 

— golden I 86 11 33 34 ill 1 t ui 

303 37 ) 

— stir nosed 11 37 (ill i t 111 202 iv 
41S (ill ist 

Moles I 86 n I 9 I I 74 an I see 

Mole 

Molecular vibration 1 54 57 
Molecules 1 54 

Mole-Rat c uni Ml II 17- 178 illust ) 
1123 04 illust 

^rcat I 130 (204 

Mole-Rats i 130 M 177 178 III 303 
Mole-Shrews m 35 3 itilust 1 
Molge enstitus 1 34O I I 46 47 IV 

— I ilinatus 1246 11146 [153 

tarnutiis 1 246 

V ilgans Ml 46 

— Waltli 11334 
NoUusca bee tnniuses 
Molluscs, I II {04 307 141 11 93- 

loo 196 201 347 250 279 287 292 

3 </ 306-307 j 3 S t37 342 1S7 ^2 

37 i 39* 399 4 J 2 -+J 4 459 4 *U 

3o-j 7 103 no iSo 181 217 22 

331 434 4*9 »' *6- 19 20 31 14 35 
4 7 4 ( 56-5<J 214 ‘5 2S8 .4’ 322 

^24, 34 4 ? 397 19 * 4 ** 431 4 2 

4 i 1 i 43 ^ 4 4 4 44 «* 45 ' 4^2 4! j 

4 > 466 

b > live I III j 8 3 38 II 48 25 

331 3 6 357 j}‘' t9) *” 8 3t 

37 loj I u iSo 1 j 1 232 4 

41 1 IV 18 ,4 40 45 4( IS 2S8 

*97 j 98 399 

— exliiicl iv 4fi 4(6 479 

head r tc I I 311 _yij 11 091 j3 
III 104 108 IK 417 419 IV i5 19 

34 35 45 214 4 6 
headless i 31 
] nmitivc Sec I r I molluscs 
MoUusCOlda bee Mos Polipev 
an 1 I 11 p Shells 1 4 S 

Moloch horrldus i ajt u 3 4 

Holva vulgaris 

Monads 1494 112(7 ^68 116 ill t 

— springing 1 480 494 (iHusl u 2( 7 
268 

“Money- Spinner *’ for Money- 
Spider) 139) >>318 
Monitor, desert 11 73 28 

— Nile I 224 225 illuM ) n 73 
Papu in M 73 

— water II 73 III <2 illu*t f52 

Monitors 1 221 224 325 u 73 m 5*- 



MOIlkay (aiKl Monkeys)* 

— bamgudo, i 77 

— Duna, 1 74 . 

— entellus, 1 7J-73 (‘Hu't.), u »64-i65. 

— green guenon, 1 74 

— guerea, i 73 

— Java, I 74 - 

- minki, 1 77 (illust ' 

- moustache, 1 74 

— owl faced night , 11 3*9 (iMust ), 320i 

— pig tailed III 233 , 334 villust.) 

— proboscis I 73 

red howling t 76-77 

— rhesus 1 74 

- salci, black, i 78 111 240, 341 (illust.} 

— spider, I 77 III 239-340 (illust ', 255 

— squirrel, 1 78 Uillust 

— wanderoo, 1 74-75 (iHust.) 

Monkayi (and see Monkey, Baboons 

&c ) i 7«-79 « aaSi 3 * 5 i 3 *^ 34 ^ 
349, 363 365 111 158 i6», 333-340 

493-494 IV 134, 140, 382, 419 4-'o. 
434, 439 473 

— Capuchin, 1 77 

— clawed See Marmosets 

— colobi or African thumbless, 1 73 

— guenon 1 73 74 Uu 237 , 238 

— howling, I 76-77 IV 146 . 

— macaqu^ ^ 74 7 S 

— naked tailed, 76 77 

— New World, l 76-78 111 238 34 a 

— Old World, 1 72-76 and see Apes 
Baboons, &c. 

~ sakis I 76 , 78 

— tailed, I 7 a 

Monkey-Hoik. iv 90 (illust) 
Monk-FUli 1 386 - 387 illust ) 
Monkshood, iv 8 ol 
M onodon monooeros, iv 394 
Monotremata^ See Mammals egg 
laying 

Montagu, iv 149 
Moor-Hen, 1 171 u 340 '*95 
Mooae 1 na III 52 and iice (Ik 
Moquin-Tandon, u 199, 201 

Mordella, IV 43 

•‘More-Pork" Birds 1 V 428 

Morgan, Lewis H IV 1 36 
Morgan, 1 1 lyd See Lloyd Morgan 
Morgan r Hunt, iv 494 
Morone labraz 1 273 
Morpho Cypris, 1 361 

— Neuptolemus 1 361 

Morphology, of a umals, 1 11-13, 17 

IV 480-487 

Morrla, lu 434 iv 407 
Morula, ui 338, 340, 341, 342 
Moaasaurua, iv 469 

Itftentina mOBChlfeTUa, 1 110 iii 
151 IV 402 

Moseley 1 7 , 398 

Mosquitoes. 1 35 b 11121,215 iv 190 
207 , 341 (illust ) 

Moss-Polypes, 1 ^04 436 418 " 

261 279, 339, 410 411 III 7 8 99 

lOo 370-331 IV 104 105 439 

Motaollla alba I 157 
flava I 1 S 7 II 6 f 

— lugubns, I 157 11 65 

— melaiiopc, 1 157 111 125, 457“458 
— Ran I 157 

Moth (and see Moths) 

— antler, iv 163 

— atlas, I 363 

— black arches, 11 287 

— brimstone 1 364 11 297-398 in 102 

— brown dolly, 1 , 365 . 
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Moth {Cimi ) 

— bug ,ip, 1 363 u 399. 

— cabbage, iv 35a (illust ) 

— chimney sweeper, 1 364 

— cuinabar, iv 59 

— clothes, I 365 (illust 1 IV 353. 

— codhn, I 365 IV 35a (lUust ) 

— common wamscot, i 364. 

— corn, IV 353 (illust ^ 

— currant, t 364 u 307 

— death s head, 1 363 iv 43. 

— diamond back, iv 35a 

— dun bar 11 352 

— early thorn, ii 300 

— emfcror 1363 11 lao iv 164 illu&t 
ermine , little, 1 365. 

— white, 11313 

— gipsy, IV 353 359. 

— go^t, I 363 IV 43, 35a 

— ^old tail, 11 360 

— grass IV 352 

great yellow underwing, iv 35a 

— green oak 1 365 l»v 352 

— heart and dart i 364 lU 401 illust } 
humming bird 111 311 

— Lit kc> 1 364 

— lobster 11 313 314 illust 
magpie or currant, 1 364 u 307 

— mus'in, II 313 

— nun IV 353. 

— oak eggar 1 364 iv 163 (illust ) 
oak procession it 346-347 

— oak silk IV 260 
pale tussock I 364 
pea IV 352 

— peppered 11 793 294 

— pine Hawk 1 363 11 314 

— plume common 1 366 

— twenty 1 366 

— privet 1 3^3 (401 402 

— puss . 363 II 313 314 359 360 III 

— silkwtrm 1 364 11 314 lu 401 in 
259 260 illust ) 

— silver V , I 364 UI 401 (illust ) iv 357 
nger I 363 

turnip IV 352 

— wtA, IV 353 

— winter , i 364, 37a iv 359 illust 
Moths and see Moth 1 351, 358 360 

362 366, II 120, 314 21s, 753, 313 111 
3»2, 313, 399-402 IV 56, 72, 163 164, 
3 S» 353 

— bumcl, UI 403 

— clear wing, 1 36a, 363 

— hornet, 1 363 11 313. 
hawk , I 363, 363 IV 88. 

— elephant, 11 314. 

— lappet, 111 400. 
large, i 362, 363-364 

— Irsf miner, 1 36a, 365 
leaf roller, 1 363, 365 
looper, I 36a, 364 

— owlet, 1 36a, 364 111 103, 401 IV 35a 
plume, I 363, 365 166 

— small, 1 36a 365 366 
South American, iii 401 
npii ner, 1 362 363 364 

“Mother Carey's chicken” 1 183 
Mother-of-pearl, iv 398 
Mouflon IV 227 [406 

Moulting process, of crustaceans 1 
Mountain DOTIL Sec Moloch 
Mouse, harvest (and see Mice 1 laB 
III 483 (illust ) [347 

— house , I 128 11 321 IV 346 (illust ), 
w''od , or lorg tailed field , 1 1.8 

Mouse-Birds, m 266-367 
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Mouse-Deer, i 109 ard see chevro- 
tains 

Mouth and Mouth-cavity (see also 
Mouth parts, Jaws &c ) 

— of acorn headed worm, t 301 

— of amphibuns 1 738 340, 253, 255. 

— of iniiiialcules, 1 497, 493 494 495. 

— of annelids, 1 426 427 432 11 147, 
148 

— of arachnids See Mouth parts 

— of ascidiaiis 1 297, 298 

of birds I 14} 144 and '>cc Leak 
of cnisiaceins Sec Muuili pirts. 
of echinodcrms, 1 451, 457 455 457* 

4 >6 459 460 462 

— of fishes, I ij 258 2t)i, Oj 770, 
271 274 276, 283, 284, 291 297 

of fill worms, I 442, 443, 444 445, 
44< 

— of insects Sec Mouth parts 

— of kini, crabs See Mouth parts 

— of laiicelet 1 294 

of mammals, 1 34, 46, 34 55 

— of molluscs I 307 31 1 331 339 II 
106-197 198 (illust 

— c f moss pol> pc< I 437 

of myriapods. See Mouth pms 

— t f ncniertuies, 1 305 

— of pcnpitiis. Sec ^louth pans 

— of reptiles, i 13 192, 193 199 706 
216 278, 229. 

— of siphon worms 1 432 11 150. 

— of thread worms, 1 447 

of vertebrates i 303 [263. 

— of wheel inim tlcules 1 434 355 » 
of zooili>tcs 1 4b(, 473 47 ^ 477. 
479 481 483 

Mouth-parts and Mouth of Ar- 
thropods (see also Limbs Jaws, 
Appt iidages 

— ar icbnids 1 3S6, 388 390 391 394 

cn siaceins, 1 40^ 404 407 408, 

413 414 417 4t8 421, 42 “ >4« 

14 144 »l> 277 278 

insects » US 346 348 
— - IkciIcs 1 67 II 107 

bugs, 1 3^1 33 It 122 123 

illust .16 217 

II, .. ,wr Nvinged, 1 3^5 i^o, 

sS II I O 1 I ill ist 17 215 

nicths inJ butterflies 1 359 

illust 11 o 74 715 illust , 52 
V 164 

- — — fringe winged 11 216 

menifrane winged 1 370 11 

205 06 •» >7 V 734 -bs illust 

net winged 1 7( 377 11 111, 

113 1 14 11 Ilf III '*23 386 IV 

12-. I II 102 

striif.ht winj.cd 1 j45 346 380 

ku B r il 1^3 (218 1 lust ) 

— m\riip d I 305 396 11 1J2 133, 

pc pilus I 401 11134 

sc i s) iders I 4 4 

Movement 1 17 18 

am ji bold 1 40 III I 4 
L liarv I 49 148 See also Cilia 

— rii|.lcnoid 1 i 88 8g 

muscular i 4t 49 lu 8 if 17 t8. 
S7 88 112 113 *•’3 174 *99 «» 

2 41 '•92 See also Musciii-NF S>s 
tern 

— organs of see aUo Appcndiges, 

Digits Limbs (216 

acorn headed worm iii 215- 

- - amphil nns 11 45 50 n6 I7i, 
182 184 .17 14, 277 787 28B 
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Mort m iit, organs oT {C^mt ) 

aninulculos, i 49 o>, soa, 494 , 

495. »« a, 4. 5> 8. 8S-89. S31 

annelids, 1 426, 43 ck43i, 433. 

ui 93*33, 97-99 336-330^ 

arachnids, 1 386 ui 168 - 169 , 

175 - 176 , 376 , 389 , 390-391 
ascidians, ui 38-3^ 

— birds, I 149 . Ill 56 -^ 7 , 135 - 132 , 

185-186, 361-367, 386, 395-308. 

crustaceans, 1 403, 406 iii 35- 

38 , i6q 17*, i74-«75. **<». »77- 

S78, 366-367 

echinoderms, i 451, 453 455. 

457. 464 m 3 4 aj-*4, s>>^7. 

MS, 330, 333 378-379. 

hshes 1 337-358 III 40 44, 115- 

116, 1S3 37. 38b 369 [31 

— — ■ A\* aoriiis 1 443 446 iii so- 

insects, 1 345 111 38 JO 103- 

*03. ^65***>7» 176-180 323-435, 37a- 
*78 309-315 

lancelet, 111 40 214 315 

inamnials, 1 4b 49 98 100 11 

34-35, lu 68-86, Ij3-i 6 1S6 198, 
aoo-307, 333-361, 8bi 366 393 39s 

molluscs, 1 307, 313 313, 31'., 

3*3. 3*6, 33*. 334. 33^ 34* i» jO-37 

103-110, 180-181, 317 

— — — mo*« polspes, ui 99 100. 

— — ^ myrupods, 1 394. 395, 396, 397 

ii» i6j-i65. 335 

nemertines, ui 34 

— penpaius 1 399 in loi 103 

— — — reptiles, i 195 199 in 50 56, 

l.O-III 131 124, 184 18s 307 313, 

367 373, 386 387 108 919. 

— — — siphon worms lu jO 

— — - thread worms 111 31 

wheel animalcules, i 434 m 

loo-ioi ( »o 89-90. 

zoophiles 1 46'» 483 1113 18- 

Mucoiu membrane 1 35 S4 >5 
]lQd-**Eel ' or Siren, 1 349 •< 457 
11148-49,313 illusi 
■ud-Fllliee. See I ung Fuhes 
Mud-Shrimp, 1 41^ iiiust n 405 

lU 365 

Mnd-Sklppera, n 87 iiiust \ 448, 
450 III Its ti6, 183, 373 
MusU capito, 1 375 IV 371, 381. 

— chelo, IV 37 j 

Musnidm bee fjrc) Ml nets. 
Mules, IV a-;9-34i 479. 

MdUer, Johannes, i iz 
MulUdm See Red Mullets. 
Multna Inrbatus, iv 271 

— Mtrmulletus, i\ 371 
HUBfOOee, Lgspcian I 90-91 IV 386. 

— Indun, I 91 , IV j 86 illust 

Mnala oryziTora, i tit iv 389. 
Muntjaee iv 4*4. 

Maimaa Helena, 1 383-384. 

MunUddm See EeU 

Mnrez, > 35»-3^» » 336 

Bnnden iv 397 illust 
Murlda See Rat* and Mice 
Mae denimanu*, 1 r..8 i* J75 

— mimitiis, I 138 III 483. 

— musriilu*, I 13d II 331 IV 346. 

— rattus, I 138 

— sylsaticus, 1 iz8 
Muiea rimaiia, 11 346 

— dome*uca, 1 355-356 358 11 iso, 

351 353 III 375 376 IV 16, 77 

— vomitorii I 338 IV 351 (11 367 

MuSOe^'* “ “ I 111 


M u acka p n gxlMln, b 6i. 
Mudcapldm. u 6t. 

MueeiTora regia, u 6i , 

Muaole, “iiivoluiiury", 1 49 111 10-13 ' 

— UI it-13 (illusc) 

— unstnated, m to-is (illust ]. 

— ** voluntary *, 1 49 ui 13 
Mmoles, I 48-49. 303, 469 III 13-1& 

See also Muscular S) stem and Move j 
ment 

Mutcle-lttares, 111 8-9, 10, ii-iji t 4 » 

18, 19, 30 , 31 , 33 , 40, 91, 93, 93, 95, 
too, 105, 3 i 6 , 338, 339, 373, 379 

Mmeular action, i 48 49- See 

Movement 

Mmeular locomotion. See Move- 
ment and Muscular System 

Mmeular System, acom headed 

worm. III 315-316 j 

— amphibians, tii 373 < 

'iniielid* III 33, 98 99, 336 aa 8 339 

— oscidian'.. Ill 38-39 

— bird* 1 149 III 261 363 397, 299- 3o> 

— irnstaceans 1408 111378 

echinoderm* iii 91 93, 93, 95 97, 
115 378 37^ See aI>o Water 

vj..cular S>stem 

— h*hes, 111 tis 116. 
flat worms, in 30-31 

— injects. Ill 163, 310- 311 

— lancelet, 111 40 345 

mammals, 1 48 49 in 135, soi, 303, 
331 *36. * 03 . 

molluscs, III 31, 33, 36-37, 104-106, 
319 333 

— muss polypes 111 99-100. 

— penpatiis, iii 101 

— reptiles, iii iio-iii, 208, 37a 
siphon wrorm* iii 330. 
thread wrorms, iii at 
zooph>tes lit 16 

Muscular tlMUe m 10, 13 14 See 
also Muscular System 
Mmical organa, of insects, i 353, 

^2 383 IV 38 

Mnatmon. See Mouflon 
Mmk, i fio-iii 
Mmk-glanda 1 205 
Mmk-Oz, 1115 (illust ) 

Mmk-Rat I 130 III 73 (iMust.) 
Mmk-Shrew 183 11171 
Muequaah, t 130 ui 73 viiiust) iv 

307 lihist , 308. 

Mmeel, edible, 1 335‘'336 m 405, 406, 
407-408 villust ) , IV 394-395 \illust 
^ culture, IV 395-396 (illwt.) (348 
Muaaela, freshwater, 1 338 333 n 348 
* 49 . 335 . 398 399. »« 17 . 4 *^ 

— sea, I 335-337 U07 ‘ll"** ) 

Mnaael-Shrlmp. i 419-4*0 (illust 

■I 40s 406 III 35, 26, 364 
Muftela Amencana, iv 303. 

— erminea. See Putoi^s ermineus. 

— lutreola. See Putonus lutreolus. 

— msrtes, 1 98 11 33 

— putonus. See Piitonus fnnidui. 

— Sibirica See Putonus Sibirtcus. 

— vison Siee Putonus vison 
vuigsris See Putonus vulgaru 
zibcllini 198 111 156 IV 303 

MmtelldaB, I 97 98 II 31-33 III 156 
IV 303-J04 See also Marteiis and 
Wease**. 

Mmtclm Imvla, i *85 
Mutilla Enropma, 1 373 *< >06 
Mutoallam, 1 18 iv 67 75 76 170 
Mya arenaxla 1 134 » *so >» **<>• 


Myoftca caraya, iv 146. 

— senicuhis, 1 76-77 

MyootophiUdm, IV 137 
Vfootoioa, I 4^ 496, 498 (tiiutt.), 

u 370. lit 6, 8, jsji 

Mygiiio ayloulazia, 1 393 u 106, ijo, 
Myguiaia avlenlm. u 315. [44> 
Myuobatla aquila, 1 388 , u 90 m 
■^nodon, IV 474 [44 

MyodM lammm, 1 130 u 177 
Myogala moschata, 1 83 u 35 111 71- 

— PyrenaKa, ni 73 I73. 

Mym Ibrnginca, u 119 
Myopotamm ooypu m 74 
Myosidm, 11 176-177 UI 351-353 
l^oxm gUa, IV 344-345 
Myrto nida, m 318 iiiust ) 
MIyilapoda (see also Centipedes and 

Millipedes), 1 343, 394 398 u 133- 
134, ai8 2X9, 36a, 435-437 lu i6j- 
165 335, 370-373 IV 14-15, 46a 

— insect like, 1 396, 397 

— larva like, 1 396 397 198. 

— spider legged 1 396, 397 

Myimocoiiim. u 4*-4 j 
M yrmecocyatm Mazleanm, u 

*06-307 

M yim ccophaga Juhata, i 136, u 

41-43 III 356, 483 

Myniwlco. 1 78 iv 16 

— fonnicarius, ii 111-113. 

Myrmica rubra, tv ng (illust } 
Myaia. 1 413 111 365 I* 36. 
Myatacoceti. U 36 Sec abo Whales, 
toothless [351 

Mytilaapla pomomm, m 381 , iv 
Mytilm eduUa, 1 335 >u 405 406, 

407-406 IV 394-395, 348 (385. 

Myxlno glutlnoaa, 1 393 u 91, 93, 

Myxomyoetca See Mycetozoa 

Myioatoma. iv i^(iiiust.) 

N 

Nlia bungarus, ii 8o 

— haie, 11 80 

— tripiidians, i 334 11 80 iv 339. 
Kalla of mammaU, 1 35, 64 and see 

Claws. 

Kail. IV 43 (illust ) 

Kamea. scient he, 1 9 

Karwlial, iv 394 

Kmal cayltlea (see also Smell): 

— birds, I 147 

I — mammals, i 55-56 (illust ) 

Kaaaa rotiooaa, m 413, iv 34a 
I Kaaua aodalla, u 339, tjo. (413. 
Katica Joaophlna, u 98. m 317. 318^ 
Katlra Wolf, u 43 Sea also Thyta- 
emus 

Kattorjack. 1 355 
Katural clasBification, i ii 

— history See Zoology 
Katural lalaetioii iv 484-4*8 

— objections to theory off iv 488 489 

Katuro-Study. 1 5-7. »» 63-64 

Kaumann. n 370- 

KaupUm eye, 1 4*a- [><>8 

— Urva, 1 417 III 35, 364-36S IV 197, 

KantUua. paper, 1 3>S-J«6 111 33-33. 

418 

— pearly 1 316-317 (illust) , 11 333, 
393 III 108 109,418 iv >8, 45 (illust). 

— pompilius See Nautdut, pearly 
Kaarotlc Region, iv 413. 414. 418- 

! Kaballa 1416 11405 11136s U'9- 



INDEX 


539 


Meek. 135- 

— ligament, ii 165, 167 

— venebrz, i 96-^7, 6(t. ui 83-B4 
VeoroidkoraB, m 396-398- 

— Germaaica, 11 109, 1 la 

— veipillo, II 109, iia 

Nectogala tdefaiu. » 35 »> 7> 
Nekton IV 435. 448 Uso- 

Nemackllui karbatuliu. 1 983 >> 
See Thread Worms. 
Mematodei, u 999 
Nematoi ribeeil. iv 356 
Nemertea See Nemertmes. 
Hemertlnea, 1 304, 305 3U7 u 93. 

391, 444 111 94, 419 IV 10, 11 439, 

Nemeila, 1 399 (459 453 

Nemoblna ■ylTeetrla, \ 383 
Meo-LamarekUm, iv 491 
Neomenla 1341 
Neomylodon 11397 1V474 
Neotropical R^on, iv 4n 414. 

498-434 1»|‘ 389 383 

Nepa dnerea, 1 154 >• >08. 194, 440 
Nepentkee, iv 70-71 
Nepbrldla (smg nepkrldlum). i 

401 See al*»o h xcretur> organs 

Nephrope nonreglcuB 1419 

Neplt*4P* ' M» 111389 j8j 

Merela 1 495 4»9 »> 146 147 m 97 

98 IV 19, 44 

Nerlta poUta, iv 393 
Nerltlc Zone, iv 435 441 
Nerye-cells, 1 5« (illust.), 471 iv o- 

7 9 14 17 92 23 

Merre-contre iv 9 See aUo Gan 

1 ,1 m &c 

Nerve-cord see alw Nervous Sys 
tem of niV4rtebrate!i (hitcher), i 
301 304 306- 307, 349 400 401, 407, 
409 498 IV 7 8, 9 illust ] 10, Il- 
ia 13, 14 '5 16 17 

— of veriebrites prioiilive , i 233 996 

1*7 

Nerve-flbrea i s* 5* iv 6 8 9 14 
Nerve-loop (see also Nervous S>s 
tcm),rfm lluscs 1310,318,390 394 
325 328 IV 17 18 19 

Nerve-plate, iv 20 iiiusi ) 
Nerve-rln® ('•ec also Nervous Sjs 
tem) of inverlebrites (higher) 13 >3 
3 >4 306 307 310, 3^8 333 349 407 
4oq 427 4i8 44 \ 443 444 448 iv 
7811, 19, 14 13 16 17, 19 

Nerves 1 yj 

— auditory, 1 sft 

— cranial, 1 52 sj 5s 

— olfactory, i 55 56 (illnsi 
01 » c, 1 58 

— Sensory, 1 53 

spinal 1 51 

Nerve- tleeue m lo Sce also Ncr 

VI US SjMem 

Nervous System i i8 49 sj 'v i- 

imphibniis iv 21 la >0 90 

— iiinriids 1 4.8 IV 7-10, 34 

— ai i hinds, iv 15 

— birds, i 149 ISO IS ** 

— rrustuce« s, 1 407 409 iv 17-14 

— development of, in scrlcbnle em 

brjo, IV 90 

— echinoderms, 1 454, 458 

— evolution of iv 6 

— fishes I 963, 970, 979 IV 91 
> flat worms, 1 44J, 444, 44^ 

— insect*, 1 347 349 'V 15-16 

— invertebnte-i higher 1 303-304 

— lamp shells, , 440 


Nerrous System {^Cont ) 

— mammals, 1 49-53 iv 19-23 

-> mollusc*, I 309, 310, 332 IV 16-19 

— moss polypes, 1 438 \ 34-35 

— myriapods, 1 395 iv 14-15 

— nemertmes 1 306 307 

— peripatus, 1400 401 iv 14 15 

— reptiles, 1 200 202, 209 

— sympathetic, 1 50 53 iv 19 20 

— thread worms 1 448 

primitive 129}, 294 295 2^6 7^7 

— vertebrate-,, 1 63 I298 301 

— vuceral iv 10, 14 16 17 
wheel animalcules, 1 435 

— zoophytes, iv 5-7 
Nestor mendionaliH 11 191 

— noubilis, 1 166 II 190 191 IV 347 

Nests and Nesting Habits (see 
also Dwellings) | 

— amphibians lu 437 438 439 44» 
arachnids, t 393 111 374 377 

— birds, 1 163, 179, 188 189 1; III 
449. 450, 45* 45^. 453 4bt 4'f' 4 8 
4^,472 IV 59-61, 13>-I32, ibo 187 I 

188, 405 407 1 

— fishes 111427 430 IV 157 

— insects, I 373 374 370 n o& 2 ,, 

III 3»-39*, 39*. 393 j-» 4 39^ w 53 
54, 109 1*0 '■* **■' *'S >1^ Ii’’ 
120 126 252 253 254 255 
mainiiitls, 111 478, 480, 482 484 493 

— molluscs UI 408 
mvnapo Is 111 372 

— reptiles 1 209 111 444 446 447 44b 
Net-FUhlng IV 262 

NettUnz organs t 467 471 474 •• 

306, 309 35-' |6| IV 103 104 

Neurons iv 6, 7. 8, 9, 20 23 iiinst 
Nenroptera 1 35* *74 380 u uo- 

116, 156, 157 138 160 i6r, 1^2 211 
2 3, 462-467 III 30, 383 386 IV 120- 
Newman, tdward, m 39( (i A 
Newt cunimt n in 46 

— crested 1 946 (ilhist ) in 46 47 is 

small 1246 |iS2 illust 

Spanish, 11 334 

wchbed, 1 246 iii 46 
Newts I 245-246 II 83, 457 III 4r 
1 17-1 19 1.0-121 3 52,4)4 4 15 

— h ish , 1 247 4b intl see ''a , 
manicrs 

Newton Alfred, iv 61, 24b, 240 309 

387 387 4 6 

Newton ^ir Isaac, 1 3 
Nlcbomache u [74 

Nlctlt ting membrane. 1 197 m 
Nigbt-hawk bee Nu,hi jar 
Nightingale I I Ik IV 149 
Night-jar I i6j .1 ,6 -57 llllist III 

4a3 [ illnst 4 4 

Night-light animalcule >v 4^3 
Nitrogen 137 44 iv o., 68 

Noctuuca I 489 495 (illust ) III 6 
•V 4-.3 4-,4 

NOCtUldse See M jlhs ow'et 
Nodosarla 1 483 iliust m 6 

— scalaris iv 454 
Nopal, IV 260 

Nose of mammals, 1 34, 55, 81 and 
see Smell 

rose-loaf, of bats, I 82-83 
Nostrils, mplii.^ians 11 423 

— birds, I 182 183 111 62 

— fi .he*, 1 238, 265 II 422 423 

— mammals, 1 46, 7*, 76, too it 43a. 

— reptiles 1 205, 216 11 ,24-425 in 

Notarebus, m 107 (lUust ) [auS 


Mothura maculosa, » 343- 
NoUdanus grlseus, 1 287 
Notochord, 1 61 29a 293, 295, 298. 
301 111 38-39, 40, 214, 216, 344 

Notoneota, 1 354 355 *>* *9 

— glauca, II 124. 

Notoneotldm, u 440 (m 206-207 
Notoryctes typhlops, n 43, 3^ 
Nototrema, m 442 
Nuchal. 1214 [187 

Nuclfraga caryocatactos > 154 
Nucleus pi Nuclei , 1 3 q 4A9 490, 

49» 493, 494 49'. 498 in 317. J18, 
319 320 325 MS 3j8 IV 493 

Nucula, 1 33d III 108 
Nttdlbranchia i 324 , ma h 100, 

306 307, 382 111 36 
arquaiiih, i 169 11 67 

— phzopus, I 1^19 (is 249 350 

Numida meleagris 1 173 » 239 
Nummullna 1 49^ 

Nurse Hound 1 
Nut-cracker 1 154 » >8; 
Nut-hatches i 137 n 187 m 364, 

4-i4 

Nutrition ■ , See I ood 
Nyctea Scandlaca 1 1^5 11 279 
Nycterlbia is 1 > 

Nyctlcebus tardigradus n 319, 

32r III 241 .4^ 

Nycticoraz gribeus 1 179 [320 

Nyctlplthecus trivlrgatus, n 319, 
Nymphalldse u 400 
Nymphs lugs II 381 

insects net Minted ii 464 465 466 
III jc ''4 8s IV 121 123 , 133 

— straight winged in 378 


O 

Oak IS 79 81 '2 

“Oak-apples ' iv 77 
‘Oak spangles" 1 37a 
Obella 1 4 " 4b 
Occipital V le 1 8 

- e nd\ les S t L n Ules 
Ocellus ,l Ocelli 1 576 
Ocelot IS 47) 

ucnerla dlspar iv 3 .57 

Octactinia 1 474 4'A 47^ iv 102 
OctObOthrlum mcrlin(,i i\ 200 

P I I I II IS 200 3JI ( III St 

Octocoralla, i 471 4 ''cs 'll'® 

Sri H )wer eight ri\e 1 

Octodon degus, i i, iHu t ^ 
Octodons, 1 1 1 133 [419 

Octopoda I 15 »» 31-3* 418- 

Octopus, eon m n I i-, 11 94 in 31- 

3a 1119-1 10 (ill 1 t 41b 

— musky 11 04 

— vulgiris Sic Oct pis (ommon 
OCtOpl I 31s IS lb 17 a 7 34 ^ 

and see Oci j ns 
OcypOda trn im II 141 

— ceratophth^lniuN n 140-141 111 171 

— microcera iv ^17 
OcyvOdldiB II 14^ 111 171 
Ocypus olens 1 36 b 
Odonata, u 4f s-4' , m 38 1-385 
Odontocetl n 20 Sse also Whales 

t« oihcd 

Odontoid peg 194 

Odontophore bre Ra pmg org.. 
Odynorus piriemn I ,74 
renif rmis iii tja illust ) 

(Ecodoma n 208 209. 
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(EooplijrUa nnanfdlBa, iv ns- 

<Ed6]llla fiiAca, I 177. (116. 

— nigrm, i 177- 

(Edlcaemui loolopax, i 169; ui47i- 
(EstrldJi. iv 191 
<Eitruf ovlt, i 358. >v 191- 
Ogle, iv 91. 

OU-Birds, ii t88. t454- 

Oil-gland, of bird», I 140: iii 5^57, 

Okapi, ii 170-171 (illust): ili 191- 
Okapla JoIin^nL See Okapi. 
“Old-man’i beard”, i j7a- 
Olfactory ceils, 1 55-56. *v 31-32 

— nerves, 1 55-56 Ilillust.). 

OllgOClUMa. 1 429. 430-431: u 146. 

Ill 337, 360-361, iv 199-300. 

OUgoneorla, li 466. 

Oliva. See Olive-Shellb 
Ollvella MpUcata. iv 334. 
OllVO-dbella I 331 \iilust.), iu ai 8 . 
Olm, I 34.) (illust.}, II 457; ill 48. 
OXDaattHl, m 169. bee also Digestive 
organs of mamniais, herbivorous. 

Oinniatld,tinn. iv 43. 

Onager, 1 107. 

OncML venuata. iv 433. 
Oncbldlum. » 330. m 414. 4's 
(illusc.), 435- 

Onlseoa mararlna, i 415. » 223. 
Ontogeny, ui ns- 
Onuphli com^illaga. u 330- 
Opelet, I 476. (358-359- 

Opercnlnm, annelulfi, u 358, 339, III 

— arachnids. 1 386. 

— fishes. See Gill -cover. 

— king'crab, li 406. (iii 415-416. 

— mottuscs, I 3ig. 11 336 (illust;, 460. I 

— muss-pol>pes, ti 3ig. 

Opbldia. i 303. 337-336 
Opbldlaeter diplex. m 329 )- 

Opbiocepbalna <> 45 >• 

<^llllirOldea, 1 454- See also Bntilc- 

Siam ( 34 , 

Oplstbobranchla, i 317. 324- «> 
Oplathocomar ezistatus, in 4 v- 

471 IV 43 * 

Oplsthoteuthle. i i ,3 (iihist ' 
OpOBStUn. Azar'i'«, m 4S0 'illiivt ' 

” roMimon, 1 6'), i 111 260 illiist 

— mtiiive. 111 4 7<; 

— water, :ii 70 

OpoesQme, u 42. iSo, iBi, 334, h) 

Ili 2-, 5, j6r,. 47V 

Oposaum-Bbrlnipe, 1 4*0. 4*2-413 

'illiist. . ill 3^‘| IV j6 
Optic cup. IV 4‘''-47 

I I49-IV , 20 1. IV 31-22 

— nerve-*, i 5K, 149, ’ll. iv 47 

— tracts, 1 1 19- 

— vcsicic, IV 46 

Opnntia coccinelUfera, iv 300 
Oral hood, 1 294 

Oral papilla. 1 ioq (i6v>. im, 494 
Orang-utan, i m iHum . u 349. m 
Orbits. 1 57. 7». So 
Orca gladiator, n 22 lii 8-, 

Orchids. IV 74-75. 86 £8 ^iilii-^ . 

Orc} 'aus thyunus. IV 270, 381. I 
Oreotragus saltator. iv 142 
Organic selection, iv 493 
Oriental Region, iv 413, 4*4. 424- 
Orlole, 9 Iden, 1 155*156 (4-16 

Orioles. 1 155-156. ii BOO'jii 
Orlolns decipicnt, II 310-31 1 

— gaibula, i 1 55 

Oi’jer, 1 307-311 (iiiust ), 332-333, II 
393 - 394 . Ill 412. IV 35. 


Omitliopoda. iv 469-470 
Omithoptsm. i 362. 
OmitliorliyBeliiis paradoma. i 

70: ii 44: lii 69-70. 475. 427-478; IV 

311 , 313 , 481-483. 

Orthagorlacns mola, iv 448. 
Orthoptera, 1 351. 3^383, li 116- 

II 8, 313, 350, 399, 315-316, 337, 359. 

ill 176-177. 377-380; IV 356-357- 

— leaping, i 380, 381-383. 

- running, i 380-381. 

Orthotomns sntorlna. m 459. 460. 
Orycteropos (mpensla, 1 136. 137: 
Oryiorlctes. ii 33. [n 43. 

Osborn, Iv 49a. 

Osdnls frttk iv 3Sf. 

Osenlnm. i 484. 486; tii 335, 336, 342 
Osgood. Fletcher, iv 353. 

Osmems eporlanns, 1 aSx. iv 376. 
Osmla papaveris, ui 391 
Osphradlnm, i 310-311. 

Osprey. 1 >75: ii 48; iv Ci. 

Ossicles. 1 39. 

— auditory, i 57. 

Oateoglosaida, iv 433. 

Ostradon onadxioomls. i 378. ii 

334. IV MO. 

Ostracoda, 1 410. 419-420. ii 355, 

405-406. Ill 25, 364. 

Ostraoodennata. iv 463 (dlust ). 
Ostrea. Ill 4^ 

— angulata, iv 388 

— edulu, i 338: ili 406; iv 388. 

— Virginiana, lii 405. iv 388. 

Ostrich. Afncaii, i 187, 188 (illu«t.). 

II 367-368. IU 130, 153, 449. IV 350, 

251 (449 

— American, i 187, 188. hi 130, 153 

Ostriches, i iSS; ii 354: ui 128-133. 

151, iSi. iv 146. 
otai^ steilen, i ^ 

— iirsma lii 492, iv 304-307. 

Otaridie. ^e Sea- Lions. 

Otis lustralis, iv 150 

- t.ir<la, I 170 li 341-342 IV 150, 377. 

- t< trax, iv 477 

Otocorys alpestzls, 1 156. 
Otocysts, iv 33, 34, 34 (llIu^L), 36, 
17. 38- 

Otollcnus, ii 330 

Otoliths, IV 33. 34. 35, 16. 

Otter, common, i 98. li .2. 111 76. 

- Jcline, II 33, 

- sea, n 23-24. iii 7/ iIIiim ' 

Otters, I g8. II aa-34. HI -6"--. 192. 
Oval 'trlndow. i s7 

Ovary, m 340: ami see tggs and 
gK-pr*^ucin(j organs. 

Oven-Birds, m 46* 'iHmm . 404. 
OvibOB moBchatus, ■ 115 
Ovlcells, IV 104. 

Ovipositor, I 370. 372. 377. 382. 38t 

11 20 1, 304 (lllusl. ', 205, III 379, 
illlc'.t , 381, Jp'.- 387 ililust ), 388 
hIusI , IV IQ4. 195 jlliist., 

OvlS argali, iii iB6 187, 348 

- ai 11 i»>8. IV 326-339. 

- C .-inadensis, 1 1 16 

' niontana, lii 1S7. 

- iiiiisimon, I 116; iv 337. 

- tragcuiphut, tv 337. 

Ovules, iv 85. 

Ovulnm angulouim, iv 3a> 

•- patiilum, ii 285. 

rniplicatu.n, ii 385. 

Ovum (*>l. Ova), i" 333-337- Sec 

also Egg-celU. 


Owl, bam-, i 165: iv 327-338 

— blowing, i 166; IV 135. 

— fish, i 166. 

— great-honied or eagle, i i66l 

— hawk, i 166, ii 319 (illiut ). 

— long-eared, i'165. 

— pigmy, I 166. 

— short-eared, i 165 

— snowy, i 165: U 379. 

— tawny or wood-, i 165 

Owls, 1 153, 163-166. ii 46. 33a, IV 
327-33! 

Ox-bot, i 358. 

Oxen (and see Cattle), i 109, 113-115. 

ii 167-169, 225, 353. IV 334-325. 

-- European, 1 1x4: iv 235 

— Hunganan, iv 324 (illiist.). 

Ox-Fly, ii lao 
Oxidation, li 377 
Ox-Peckers, u 62-63 (liiust ) 
Ox-Warble Flies, iv 149 liiiust ). 
Oxyetlilra CMtalls. m 385 (illuti ), 

386 [420, IV 65-68, 76 

Oxygen, i 33. 45. ii 377-380. 382. 383. 
Oxythyrea fUnesta, iv 83-83. 
Oxytrlcha, m 88 iiiust ) 

Oxyurls verxnlcularlB, iv 343 
Oyster (and see Oyiers) ; 

— Amencan. lu 405. iv 388 

— common, 1 338, lu 406. 

— “ flat ", iv 388 

— pearl-, iv 305, 398 I'lllusL). 

— Portuguese, iv 380 [394, 

Oysters, » 338, » 398. lii 409, iv aB8- 

— thorny. « 336. lu 4.>9 

Oyster-catcher, i 160, li 67-68 
Oyster- culture, i 15, iv 288-294 
OsothaUla. II 198- ) 


-p 

Faca. 1 133-134 f3'*4 

Paebydesma crassatelloldes, iv 
Pachyornls elephantopus. iv 475, 

476 tllilist ) 

Pacinian bodies, iv 27 iiiusi,). 
Packard, in 165 
Packing cells, i 471 
Padus humlllr*. iv jiu (138, toi 
Fagoras Bemhardus. 14*2 h i it- 
Palssarctic Region, 1-412.413, 4>4- 
Falssmon. iv 35, ,6. 1 4 18 

JamaiceiiMs, 11 137. 
serraliiA, i 412. 11 137, 192. 401, in 
i6«). IV 398, 299- jtxi 

FaltBOdlscus, i^ 1*9 
Palaeozoic epoch, iv 457. 458-464 
Pallngenia horaiia, i 375 ^iliust ) 
Pallnurus vulgarti*. i 4«^. " *17. 

27 >. ij8" HI *r* 

Falisade-Worms, iv 9 j. 362 . a .d 

se<; Strongj'Ics 

Pallas, n 140 (134- 

*^llal llne.of bivniveinoltuscs, I 331, 
Palm, i 24. 3t»-3i See also Hand. 
PlJm-Cat, II 736 -27 4lust , (337 

Palm-Civets, Asi-itic, ii 13-1 j, 270- 
Palmer Worm, 11 j6o 
Palm-Thief Scr ^'rab, robber- 
Palolo viridif, iv 316-3I7. 

Palolo Worm, iv 316-317- 
Palp, I 346. See also Mouth-parts 
Paindioella, ui 331 (di-r* ) 

** Undina vlvlpara, i 320; iii 4*4 

IV 17-18 

PUnstra, iu 401. 
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Pancreas i ^7, >«> 341, 3531 

Pancreatic jnlce. 1 37 (372 

Pancreatln tv jso. 

Panda, iv 429 

PaniUoB ballaStua 1 17s “ 4B 
Pangolin, lone uiicd, i 136, 138 

(lllUSt 

Pangolins U4a. 3;s 342 >*>257 

PanlBOUB cephalotes n 360 
Panther Ahuuc 1 
Panthers 1 87 88 I462 

PanyptUa Sanctl Hleronyinl m 
PaplUo mncliaon, i 363 

— mcriOHM II 313 

— mcrope u 31 a 

PapUlS of tongue, 1 54-5S (JlusL) 
PaplUosa 11 100 
Paplo bibiuiTi I 76 
ham'idrjih 17s 

— nioimon 175-76 iv 145-146 

Parachute m 281 

— iinphibi'tns 111 388 

— irj binds 111 289 

— birds 111 286 

— ni immaU 111 283 28 ^ 384 285 286 

— reptiles III 286 2K7 [281 j 8 j 

‘ Parachute animals n 327 m 
Parvdlfi^* xpoda 1 154 
Paradise Bird 1 154 155 

lllllbt ) 

Paradise Fish III 427 i> 393 (iiiii«'t 
Faradoxures n la 
Paradoxurus typu> u 226-327 
Parakeet Set p^rrjquel 
Faramoeciiim 1 4j 4^3 1 

31 if 7 111 s f 

— 1^11 htuiii III j 325 [ illu i 

ParapandaluB splnipes iv 44 
Parapod oi m 11 is m 35 
Parapods rf ai ntlids Si F t 

sti ni^ s 

Parasitism 1 18 iv 170 184 its 

in mil III s IV ”8 io( 07 41 1 

— 1 nth Is IV I g K 1 

III d IV 1 I y 

— hr 's IV I ib'< 

cn t in in IV I f I ^1 

— fisl ts IV 188 

— fl kf> IV 2 >< <- 42 to f 1 


Pame ater I 158 
coeruleus i 158 

— LHStatut I 158 

— major *1 158 
palustns, I 158 

Pasang 1 1 <7 U 6 q 470 

Passer domesticus I 156 II 187 111 

montanus i 156 11 187 in 470 
Passeres I 15 a 161 bee ilvo Perch 
iiig Birdit. 

Pastor rosens. 1 153 
Patagiiun 11139 ^ 

Patella. See Knte pm 
Patella vulgata 1 3*3 i »4 n 197 - 

»99. 3i6-3j7 305 39<' 43-» 433 “i 
104, 272 41a 416-417 IV 42 37 58 

Path-Wasp i 373 “ « 

Paunch U <68 aUo DigeoiiVL 

organs cf manimaU herbivorous 

Pauropoda, 1 396 , 397-398 
Pauropus 1398 
I Pavo cristatus. 1 172 iv 148 
Peacock 1 17 -* “ 239 tv 148 149 
Pearl-fisheries iv 398-399 
Pearls, i> 203 398 399 
Pearson Karl 1 V 493 

Peccary Cilhred 1109 Ii233vinust 
I III 149 4 S >9 

' whilr lipped I I 489 I' 334 3t 

I Peccaries 1 1 >9 11234 351 “ 114 / 

I t 487 489 IV tfi 14a 334 3 I 
Peckham l)r md Mrs ii 3i( iv ss 
56 166 168 ( lllust 

Pectanthls asteroides m x 
I Pecten 1 337 * 5 * “» 36 37 409 i' 
' 45 40 us 

Jie 1 t s I 37 

Pectlnaria n 339 
Pectlnatella m 1 >0 

,,t 1 It I 1 I 1 so 

Pectuies I 

Pectoralls major m 3x> 

Pectoral muscles 1 140 m 100 
Pedal cords i 1 » 1 

I Pedetes CoiTer 1 • 

Pedicellarl<e s e ) iw p 1 es 
Pediculus capitis 4 
Pedipalpi win s ip 1 
Pedlpalps lb ‘'e 1 M ih 


— Ill cci IV 7S ■>; t 3 j 1/ sf I I I 

1 olliiscs IV ib“ iS Pedlpes m I 7 il II I 11 I 

— j In 1 I' 7t 77 Peewit I II S n 154 47 

iipe vv r s I 44 1 IV s Pelagic Zone 14 4 4 

342 44 1 2 Felagonemertes m 4 iv 45 

— ill 1 V 1 II S IV 7S , ( ill I 

Parelasaurus iv 4^8 iiu t Pe^agothuria 1124 dlust ' 


I Pentacrlnus, 1 459-461 iliusi ) sce 


ilsu bea Lilies. 


Pentastomom tanioldes. 

1 39. 

Pepsin, IV 3aa 


Pepsls, 11 106. 


Peptic, or g istnc gbndx i jj 

. »46- 

Peptone 1 37 


Perameles, n 43 m 191 


Peramelldis m 191-192 

1381 

Perea flnvlatllls, 1 269-272 

U 84 IV 

Perch climbing, u 451-452 

lllust ) 

III 116 272 

138I 

enmnion 1 2^9-272 (illukl 

II 84 IV 

1 Perches 1 273 u 388 iv 197 


1 Perching Birds i 152-161 

III 261- 

263 iv 307 389 


"Perching »n«Mvhnnl»m ” 

of birds. 

1 149 III 261 203. 



I Perch- 'Louse** iv 197 Ulusi , 

' Perdlx duerea, 1 172 u 239. 

Perez iv laj 

) Perga LewlsU, m 389-39°^ 

I Pericardium 1 :,^5. 3»7, 3«9i 333 . 

142 448, 400 408, 4j5 

Perlclueta m 227 226 
Perlophthalmus u 448, 450 1U115- 
kielreuten 1187 [116,272 

sehlussen in i to 

Penpatus, i 342 ^92 402 lUiut ) u 
«j4 360, 434 435 101-102, 274, 

470 IV 14, 15 

Perlplaneta Amencana, 1 343 

uricni ills I 343 350 II 250 438 m 
73 4 378 IV 58 

PerUsodactyla 1 104-107 m 137- 
14-* 467 4ti md sec Aiani naU, 

I I 2 ed 

I Penstaltlc movemente, ui ai 
Periwinkle 1 3ib-32o illusi.) u 196, 

4 9 4 o IV 9 297 43a 489- 

I Perla blcaudata t 3/7 
I Perlidse u no, 463 464. 

' PemlB aplvoms 1 17s 
PerodlctlcuB potto n >0 m 243 
. Perognathus fasdatus ■ 131 
> Perns iv 12 
‘ Persian lamb** iv 220 
Perspiration See s«cm 

Pests in I hi r il I lb I g iv 349- 

Petauroldes volans m 286 
PetauniB hevntp^ 111265 

. scuireiis III 2 4 * 5 

Petrels 1 15'* 182 183 
* K rm I 183 II 52, S3. 

I Petrogale n 182 
I wntl 1 11 II 47 


Parenteau nig n 
Parietal foramen 1134 '•3 
Parr » > 4 

Parra Jacana n 1 s i 9 
Parroquet k,ri s iv >> 

\lit,hr I ilkil 11 I ) 

Parrot lli<- » untnn II 1 71 
i,rv\ 1 Iff IV 387 
k-v ka 11 I It 

— kei I if f 11 191 ill t V 4*' 

— (vvl I i6f if 7 II iS^ I till st 

32 ». 

Parrots md see Parrot i iS2 itti 

1(7 11 168 191 111 265 2f6 IV 89 

ingiiig UI 266 (391 

— neslor i i6C 

— pi^my III 266 

Pairot-Flsh, u 361 tv 437 
Parrotlets 1 166 

^artddge, cummun 1 172 u 2^9 

— red legged or Freneh, 1^72 


Felamides i s 
Pelargonium iv 74 
Felecanus 

I I I iSi 

. in I V rh\ h s 1 I f 
' Fellas berus 1 34 »*’ '8 1144 

Pelican b r j r, 1 i^i I 11 
Pelicans 1 152 i e— isi n t iiiust 
Pelican Fish iv 44^^ t 
Pelvis, III no I e 

mipl ibi ins I an 41 , 13 

I hr K I 144 145 j 2 

- lishes i 57 fi [m 

nnnimtis i 27 31 6 g 111 m 133 
nptiUs 1 ijf 197 t 99 

Fati juln blue 1 111 67 (illust ) 

emptroi i ibC 111 67 

— kii g I 186 187 (ill t 

Penguins in iSo 187 n 54 55 
ire leii in i *-6 [ 3*9 100-07 

Pev'natula, 1 47 b 


I Petromyzon n 3S4 

I h I chi 1 171 [77^ 

— fb V 1 mil 1 71 II gi 111 3 IV 

I I I IS I /I II gi 72 III 42 IV 

1 Ui ri in 4 (279 

Pettigrew m 08 i m 
PhacochoBrus + thi pn u\ 1 108 

\fr 3 IS 1 I Q 

Pbaethon 1 iS \n(2 

3 till nils I lb 

Phagocytes n og 
Phalacrocorax Cspensis n 48 

carbo i 181 II 48 III 63 64, 471 
gneiiliis I i8t II 48 III 63-64 

Phalssnopsls Bchlllerlana, iv S6 

S8 illubl ^ 

Phalanger common m 259 (lllust.^ 

— lung s luuted, ii ibi 182 illust ) 
IV 89 

Phalangers n iSo-182 234 m 

258 259. 
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PhaUngen iCcnt } 

— flying. III a&4 

— bquirrci, lU 484 - j 8 s 

PbalangM, &ing Plialaiiz (and 

kee Digit! 
bird'*, I 146 

— iiiAmmalk, 1 31, 3a ui 84 

— rL|>tilev I 198 

Fhalanglitlda, n 180- iSa 
Pbalanicliim oplUo, 1 ^ 
Pbalarope. grey, 1 169 , >7° 

rxjd necked. 1 1^ liii w? 128 

Pbalaropua fuhcanu!, 1 169 m la;. 

— h>pcrl»oreu<,, 1 169 l»a8 

FiMllulia numunillata, 1 206 

illiUbL 

Phallus Impudicua 98 
Pharyngeal bones lox,er 1 27b 
Pharynx, '»niieiid> 14-7 49 4 io- 

— ascidiiiis, I 297, njti 11 245 246, 

389-390 

— flat Horlll^, 1 44 ai 440 ,i 151, 152 

— UnLcier, II 389, j9o 

— miniiiMls, I v 4 -i 5 

— iliidlil'M.k 1 3 li8 

— iicniLriiiieS, 11 391 

— uhccl aiiiiiiakules, 1 435 

Fbascolarctoa clnereus, u i8\ 

i&i III a59 J*K, 479. 

PhascoloniyldiB, u 103 m 4d.> 
Fbascolomya bee 1 h imiIo. 
Fhasianella m lob 
Phasianus Colchlcus 1 17^ u 239 
Phasmldss, n 337 > 

Pheasant, Anibem ik 148 

— /Vr^ii',, IV 148 

— coniilUili. I 17J 

g, Id I 172 IV 148 

— Miver, I 172. 

Pheasants, 1172 iia^9 ^ 

Pheasant-Shells m 
Phelsmna S«rininnTi«nn a III \ 

Fhenacodus iv 472, 473 
Pbengodea flieronymt tr^ 
Phldippus monltans w 
Phllisnns spumarlus n 21" 
Philemon Timorlaoensls, u 310 
PhUepltta, IV 42^ (jl I 

Phllhetanis soclus m 4<^j 
PhlUne aperta 1 424 u 100 
Fhllodlna roseola 1 435 » 2^2 

III IX liv 477 

Philosophical Zvology 1 ii>-i- 1; 
PhOCa La^pira iv i 

— (frecnlandicj, I 93 iv ji3 13 

— '*ibirica, IV 313 

— vitulina, I 99 ( 2 f >-*7 

Phoemna comxniinls i loo-i ■ u 
PhOddSB See S( I Is iru' 
PhflBtticoptenis roseus, 1114^ ^ 4 i 

IV 177 , ^78 

Pholadldea, m 410 
Pholas dactylos, 1 335 33^ >» 221, 
Phoraspls, II 315 Uoo % 

Phonnosoma loeulenta ni 94 9s 

Phryganea grimii% 1 373 iMum ) 

— Mriafa, in 383 lilii 1 

Phryganeklm s<e < addi^ Mies 

Phr^osoma oomntum, iv 
Phrynns. I 389 m [jv? 

Phylllrhos, 1 m / 
PhyllomeJusa Jberlngi, m 4 37 
PL^Uopertha hortloola, 1 368 
Phyllopoda, ■ 4i'-> 421 4» n 255- 

2^6. 40s • 3<>2 3b 3 

— gdl footed I 42 -422 

PhjOloptenx flfiaefli » >96 iv 75 


FhyUOSCOpUS nifus, I 160 III 189 

— kibilatrix, 1 160 

trochilus I i 6 o>. (ii 39 40 

Phyllostoma spectmm, i 82 Sj 
Phyllostomata, 1 82 83 
Phylloxera Tastatrlx, 1 353 >> 227 
Phylogeny, m 333 'iv 3 so‘ 

Phsrsalla. u 161-162 IV 344 
Physeter macrocephalns n 29 
Physics 1 4 17 l>v 310, 317 

Physignathtts Lesueuri, m 13 
Ph^ologlcal selection, iv 489 

Physiology^ standpoint of 113 

Fhsrsophora hydrostatlca n 161 , 

162 llluet 

Fhsrsostoml. 1 27 1 280 ^ .84 
Phytophthora iniestans n 70 
Phytoptua ni is iv 

\itis, It 216 

Plcarla. 1 152 if I 165 
Plearian Birds 1 19 161-165 
Pica ruatlca 1 
Fields 111 . 1 4 f -3 
Plcucules. Ill 4<'j 404 

Piculeta, III ^64 410 li list 

Plddocks, I 335 iiiiiii III I 4 >9 
PlerldsB 13 M ii 2 II 41 . jiii>,.c 

Fieri' 

Plerts ‘ r 'M,. I, I 62 u 21 1 lit j nj 

4 or u lOi, i( 2 I J4 J 52 

— mil l j 62 is -,j 

r It 4 . i ,t 7 IV j 52 

Pigeon Ilut r ik I 112 iS> 1*^7 n 

itf IS 25 7,1 4>»7 illu t ) 


cionmd I 1(7 illust ii 
nulmeg i ( iHi i 

— n wd I 1(7 II 2^f 11 1 -, 

Pigeons It j 152(1111 I 11184 

i 8 t III 2 ^^ i"ust , 4 


470 47 ' IV •,<> ,1 487 iliU t 

‘fruit II 18 ^ ibi 
gr III II iS 

ir^r II I It 

Pigeon’s ratlk* 11 i ." 4 ' 171 
Pigs I < 7 , to, I Uy II « 4 

SI in 487 4''b 4ty IV yu 24, r 
7 24 

Pika Slier III I 12 -, iltu ( 

Pikas I I ind see (. illn II ii 
Pike • ii> '14 ill I l 4 I 

T III n 1 * 7 11 1)4 IV iS }bn 

Pikes 1 2 " 

Pilchard 1 '• IV 65 
PlUdlum 111414 I'l 
Pill Bugs I 12 
PUlow-riBh >1 
Plmpla instigator iv i >4 
Pindar n 47 
Pin- Marten i n 
Pineal i> d> 1 

<y I , I' 7 iHii't 4b 
Pln^icula iv ' 

Pinna '“i » 1 ir 1 ' ip 
Pinnipedia dM Sei i ions w ’ll 

ni'i s II, d Si iK 1 86 98-99 11 24 
-5 3 -J "• 77 492 

Pinnules, 1 4,9 " ^Cs 
PintaU, 1 i 70 

Plophlla easel >" 17 S >v 351 
Flpa Amerlcazia. m s > 441. 443 
Pipe-Fish III 427 

Cr» It, I 277 111 437 
Pipit nn iilow I 157 
K Inn's, 1157 
— Pick 1 157 
trcf I i «7 
Plprld« IV 4 » 1 . 


Plscloola, IV 200 (illust ) 
Pisciculture. 1 ib iv 264 286 
PlBldium, III 407 
Plssodes IV 3^s 
Pitcher Plants, n 70 72 
Pltbeda Sa*aiias, 1 78 m 240 241 
Placold scales, 1 >2 13, 259 2(1 
Placula. Ill 338 339 I ss 

Flacuna placenta, iv 324 
Plaglolepla, n 206 [ > 

Plaice I 279 II 291-292 III 4 {2 IV 
Plan of work. 1 17 19 

Planaxla w noecpli il t, m 7 (illnsi 

I I tea 1 44-, illiist 

Planarlan uirms ■ 441 44,447 

484 II 151 15. 271 ? 8 jti 445 

44^ III 7, .3 I , <> IV 41 44,. 

i iiid forms, i 44' 11 152 

Planes mlnntus. n 140 
Plankton 14-1 " o iv . 4 

I 4 4 U 4 17 l 4'4 

Planorbls corneus 1 n 4 4 m 
Plantain - Eater \lf le I I III f 3 

lllllst 

Plantigrade feet structure am 

f iiii 11 III I 1 

III lelv III iff 

m iiiiiii lU I 94 illii t 1 I 1 IS I )f 
'S', is^ *5'' >' 2 

Plant-Lice s, v \ji 
Plants IS' III I II IIII iK 11 il IV 
e in IV 1 IS IV 74 I 4 71 

1st II n ( I 4 

tl I I s f IV 1 x> >5 
li I I I r I V IIII il V O') 8 
1 d I 1 4 -1 1 I 27 "I IV 

I M IS i III IV r ;7 -4 

— p lliii iti II f i\ 8 , 

rtl iti M I twcvii null tl II I 1 
I) ils in I IV , 4 

Planula 1 1 Planulse n 14 :> 

Plasma 1^4 '1-12 4^ 

Plasmodiopbora brasslcse 7 s 

Plastron r i > il n 1 t n 1 s 1 

214 17 H I il 

Platalea leucolodla t ■ 
Platanlsta Gangetica n 2 
"Plate Bea’ er" m 74 
Plalyhelnila 1 44 > 147 »i t s t 

I - 1 t \\ ornis. 

Platypus luek 'll! il Vr hii k 

M 1 

PlecotuB aurltus 1 w 
Plectoguathl i '7 78 
Plectrophenax nivalis 1 1 
Pleslosauzla n |f 4> , 
Pleurobranchus membrauaceus 

II ] f 

Pleuronectes rt< 'u is ( y 

I I II I I IV f) 

l> I 1 I I is IV 70 

I In 1 1 IV ,1,9 

Pleuronectldae 1 1 a 1 1 In s 
Pliny V // jy, 

Plotus n 49 III ( t 

Ploughshare bone 1 1 4 »> 2 

{llllist , 2 |4'>S >S ' I ' 

Plover, k I ) "1 4 4 

Vim 1 1< III III O) 
kri > I It ; 

Kentish I 169 II 2S6 III 4 3 
riiigcd I ifo II 280 IV I ij illust ) 
Plovers II 2, i6d If >9 II 67 06 296 

III 4' H 'V ,77 42 

Plumatella, 147 <> >» ^31 

Plumbago iv 93 
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nume coralline 1 417 
Plain-" Spider", red iv36a 
Plnmulaila m&x 
P lunkett, Sir Horace iv 246 
Ploala camma, i j04 »> 401 iv 
Plutarcb iva > Ijs^ 

Plutella omciferamm, iv 352 
Pluteu^ (pi Plntel), m 355, 356 
Pneumfktlc duot, u 433 
Pneumoderma iv45> 

Pochard, 1 176 m 59. 

PocUlopora faToea ■ 475 (iHust } 
Pocket-Ctopher conunon 1 131 
Pocket-Mouee banded mi 

— oirimoii 11119) 194 illust 

Podargue u 4<'8 
Podlclpes I <85 IV 308 

auntus I 18 
cristaiio I 185 

— flu\ I 18^ III 63-66 457 

gnseittciia i 183 
niv,rirollis 1 185 

Podura n \ i mci i 384 

— VllltM III 176 

Poe IV 408 

Pogonomyrmex barbatui n 208 

Pogy IV )i8 

Pointer iv3f7 illnst ) -)68 ((illusl 
PoiBi'T) o*" chi I leiiii«i It 361 
bsht 11 5 357 illist) 

insects IV 118 [234 

Poison fangs f rcpuks 1 224 '>30 
Poison-glands imvlulun^ II 353 

— in I nids I 186 388 II 12 

cvl II Klcrnis 1458 (126 

in tts I I s 3 s8 

111 II ISC II r 3S7 
mv rnpud 1 )94 11 1 3 

— I I trt c II 0) (3SS IV 338 

r pi It I 224 33(. 2)4 II 80 354 

Poison spines of echm demis 11 

I illust ) 

ff lies II OS )o6 3SS 3S7 illust 

Polar bodies m 3 i(>- 3 j 7 ‘ilusi ) 

Pole Cat 1 v7 II J 

Pole Cats wiltr II 23 and sec 

V isons 

Pollan vesicles m 92 
Political Economy, 1 17 
Pollack IV 00 I 93 

Pollen tv ^4 84 8b 87 88, 8q 90 91 
"Pollen basket’ of liccs iv 254 

ill SI 

Pollination of ft ivcrs iv 8 i 90 
Polyacantbus vlrldlauratus m 
4 7 I' 

Polyborus tharus n 303 
Polychftta 1 4-17 430 n 408 m 

free livi ^ I 4 9 I327 

sedent ir> i 429 430 

Polycirms anrantlacus n 360, 
Polyclades n 151 >s3 
PolydesmuB complanatus 1 39ft 
Polyergue rufeecene 1 37 4 
Polygordlus i 4)' 43* m w. 359 
Polylophus III 326 (360 

Polynema gncilrs iv 194 

— nitnis III 38 39 

Polynoe 1 439 » 408 
Polynoids u 408 m isS 
Po^ommatus alexia 1 363 

Polype, freshwater i 4(5 473 (iHutt 1 
It 160 371-173 111 3, 10 lillust ), 317, 
3a8 319-34» 

Polypteruaiv^*^ »334.4«.453 
Polyrbacble iv ns 
Polyetomella Imperatrlx. iv 454. 


Polyitomum Integerrimum iv 

201 [ illust } I 

Polyxenla cyanostylls, iv 33 
Polyxoa I 43 b 438 » 361 , 339 , 410 - I 
411 1117,8 99 100 330-331 iv 104 
105 I 

Polysonlum Oermanlcnm m 373 
Pomatoceroe triqneter 11238 
PompUlue cxalutub 1 373 . 
viaticus II 106 

Pond-Skater 1 354 » 133 (iHu^t 

440 III 39 (illust 

Pontobdella m 361 

Pony (and see Hoises 

Norwegian iv 235 2 6 (illust 
Shetland i> 737 338 (illusL; 

Porbeagles 1 286 
PorceUana platycbelee m )68 
Porcupine braailmi tree iti 253 
253 illust 

— I rush lade I i 132 

— C luadian tree 1 132 ni 253 
common 1 132 u ^42 

Porcupines i 64 125 131 135 n 

178 , 333 »» 25'’ *53 

Porcupine Worm u 339 
Porcus bablruBsa 1 109 m 488 
Porgana mametta 1 171 
POrlfera. See Si r 
Pork "measles' 44 
Porpoise 107 loo-ioi illust 1126 

III 490 491 

Porscblnsky 11313 
Portal nr ilat on 141 202 
vein I 41 

Porte crolx 1 390 
Porthesia aurlflua u 6 o 
Port\iguese Man-of-war u i 6 i 
lb IV 44 

Posterior nares 1 4 ^ 147 
Potamldes um*? (>o 8 

Potamoebosrus peniclUatus 1 
Potamogale velox n 3 s >*> 7 
Potato-Fungus iv 70 
Potato plint IV 7 C 

ihnps I 5 <; (diust 

Potto I sm in s III 243 (diust I 244 
Pottos II 3 o. 1 479 

POUCb fmirsupiils 111193 478 

Pouebed-Bear m 2 S 9 479 - 

Pouebed- Jerboa m 192 
Pouched "Lion” 1 V 474 
Pouched mammals ^eeM-immU 
Pouched Mole n 43 >ih> t 328 9 

III 20t) 7 

Fouebed-Rats 1 130-131 m iu 2 

1 H 3 Q 4 2 C 5 IV 418 

POUlpe SceOtjfus 
PonltOn 11 80 291 294 ag-v 3 X 
303 J 05 314 359 »« 390 IV 160 162 

Poultry-Louse pale u m 
Power Midime leaneite i\ 5 
Poyou, 1 137 (diiiM 
Pracellodomue elbllatrlz m 464 
Prairie Dog" Sac Prairie Mar 
nil I comm ii 

Prailie-Marmott Columbian 1 V 135 

— common i lab la^ illiul ii 367 

Mexican iv 135 liv 135. 

Pratlnoola mbetra. 1 160 . 

— rubicola, I (6a 

Pratincole 1 169 
Prawn, 11 291 - 393, 194 

— common, i 41 a 11 137 , 19 a 403 m 
169 tr 3 ^ (iHiisl) a 99 - 3 oa 

— fkiahwater, 11 153-354 

— Jamaica 11 137 


Prawns m 77 36s iv 35 36, 444- 
445 (diust ) 

Praying -Insects i 381 and see 

Mantis praying 

Preformation doemne of m 336^ 
Premolars 1 36 bee dso 1 ceth 
pnamiius 11 410 diust 
Primates 168 70-79 See also Man 
Apes and Munkc)s 

Prlonocrangon ommatosteres iv 

445 illust 

Prlonodura, 1 407 
Prlstls antiquorum 1 288 n 89 
Proboscldea. sec t icphai ts 
Proboscis of ac rii lieadcd w riii iii 
215 Jif 

elephants i 102 11 171 172 

— 1 isccts I 359 36) 11 205 2ot 214 

— molluscs, 1 320 j 39. |2ii 

— nemer incs i 305 306 11 93 

— siphon worms 1 43^ 11 150 
lipirs I TOi 

Protescia-Bear n 9 2]o iilust ) 
Pnfboscls sheath I cmcri tics, 1 
J05 306 

PrOCavla A) y I ica i 104 III 250 

— arborea, 111 50. 

— Sj nica I 104 

Procellaria pelaglca, 1 1S3 
Proctotretus multlmaculatus u 
344 M 5 I24 

Procyon lotor 1 94 u 9 230 1 1 
Proecbldna 1 70 m 4 ^ 
Proglottides IV 2 4 
Pro legs I w fi t 303 ^4 

363 II 314 II I c 

Proneomenia 1 341 diust 
Prongbucks 1 109 112 113 m 151 

(dliist t 4 3, 

ProBobranchla 1 117, 310-324 m 
PrOHOplstoma n 466 diust m )a 
Prosthlostomum n 152 
Prostomlum ■ si iv 12 
Proteas i\ 

Protection of eggs and young 

I lb III 40 

— iirTl I ai II 434 435 43^-417 

43b 139 4*0 44> 43a 443 

mnelids in 8 361 

— irachnids lii 37 3"4 375 

L rds 1 1 44B 449 4SI 4 45'^ 4S4 

41' 4^4 474 IV 60 (368 

— cnisii cins in 62 63 3t)S )n7 

— til in dern s 111355 3S^ 357 
hs> cs III 4 ) 424 4211-4 a 

— in ect 111 78 379 380 3S1 h 

iBj 387 388 3S9 gc 91 92 j 

394 3;6 400 4C2 IV 56 ii3 117 
118 i-nj 126 25! 

— m-imnials 1 15 111 474 4 s 4—’ 

478 480 481, 462 48j 46s 486 487 
488 400 491 492 49 424 

— molluscs iii 404 405 406 41* 41 

414 417 4*^ 

— mjrnpods in 371 373 

— peripMiis III 370 

reptiles «« 444. 445 44^ 447 

— xnophytes, i« 35C». 35* 35 

Protective mimicry ^e M imicrv 
Protective reeemblance sec d o 

M islung and Mimicrv 11 2 8 .82 
>83 285 289 294 295, 300 

— smphibiaiis n 291 

— arachnids, 11 999 30a 
“ ascidians 11 278. 

— birda, II 279 *81 ago 295 396 lil 
450. 453. 47 » »v jj2 I 4 
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frafett^ whibWiikw (Cm/.) 

— binb {Cm/.) 

eggs and yoang, ii 185-386. 

— erusuceans, 11 178, 379, 293-393 

— fiahee, li 38^-384. sgi-aga, 396. 

— insects, 11 383, 286-387, 293-394, 
396-300: ui 399, iv 160, 161-163- 

— mamouda, 11 18, 379, 389-290, 293 . 

Ill 488. 

— molluscs, II 27B, 285, 387-389, 392, 

— Rptilo, II 281-382, 390-291. [396. 

— loophytes, 11 278. 

ProdildB. bee Albuminoids. 

ProtalM LalandH, i 9>-93. 15- 

FraMidi»,i87. 91-93 . and see Pro- 
teles. 

ProUro i ponflA. iv 100-101 (iiiu<«t.'. 
ProUns amnlneiu, i 349 , h 457 . 

iu 48. 

P10U1U awImtlfflilA. 1 488-491 . II 
266-269, 418. Ill 2. 6, 331, 3 i 8 - 3 > 9 * 
W 4-5. 

ProtOCbOirdKte, i 60, 393-501. See 
also Lancelct, Ascidians, and Acorn- 
beaded Worm. 

ProtohyOra, 1 480- 
ProtomoUuiei, 1 311, 339-341. u 

391-393; iu 333, 404-405, IV 16-17, 

Protomjxa, 1 497. 498- [a> 5 > 

Proteplaim. 1 391 43-44. 469. 484. 

48^-488, 490| 49a. 498: H 1-3, 366, 
*68, 270, 379. ill I. IV 1-3, 449 . 484- 
protoptemi, 1 364. >65. li 83, 456. 
Prototiierla, i 69-70. See Mum- 
mah, egg-la>ing. 

ProtOtracbMta. Sec Penpatus. 
Protoloa, 1 304. 487-499. •» *63. 

370, a7a-a74. -4«. 361-362, 4l8-4‘9. 

III 2, 4, 5, 6, 8-9, 88-89, 2JI, 3I7-3-»5, 
333-335. iv 40, 49 . 76, 77 . 99 -*o‘. 
206-307, 363, 449, 453 . 454-455. 458, 

— amoeba-Iike, i 492, 49 S" 498 * f 4 <J 4 . 

ProrentrlculiM, • 146- 
Pruftiic add. u 360. 

P|glt6r, li 169. See aUo Dii^estixe 
organs of mamiriiiK, herbivorous 

Paaaunodromut Hltpanicus m 
PMphanu, 1 368. I I 

PMudobranch, u ->86. : 

PsendolnancIiuB stflatua. m 40 * 
Pseadoceros Telutlnos, u I 

PsmidOpOdf, of anini.-it< uli s, i |r,o. 
495, 496. ii siS 2;.., Ill 2, I, 4. I 

IV 4-5. j 

PMiidoacorpionld«, 1 .^7. ! 

Pfllnra monacha. II 7 » 5^ 
PsltUci, I 152, ir/.-K 7 11 l‘.!' I'll ! 

iii 265-,.^. 

PiiUacus erltbacas, 1 16'<. iv 
Psocat fiudatns. . . 

Pfolni ephlppifer. m {S 7 
PaopheUcuB atrldulans, iv 37- 

pgychldiB, III 4(X) 

Psycbolosy, • n 
PqrduropotM. m (.'< iiiust ) 

iPlajTPiigas, i 172, II 'iiiiist . IV 

134 (Hlnst.). 

PtaiaaAdoo, m iv 171 
Ptanutarkte. m 35'^ 

Ptartdopliyta. iv 64. 

Ptarooeraa. ii 336. 
ptifvdaistjlaa, iv 470-471 iiliust). 
Ptaronialaa pontiae, iv 194. 

pupanun, iv 194. 

PtaroBura pa t a ml a t a, lii 382^3. 
ptamarepa. ii 464 ) 

Ptar«p||oppap(«rodact]rliia, 1 366. 


Ptaropoda. 1 325-3*6. ii 378: Ui 39- 

36, 41a: iv45i. 

Ptaropiia, 1 8i-8a. U 331. iv 312. 

— cdulis, 1 82 . Ill 345. 

Ptaroaaur. paddic-taiicd, Ui 308-309 

(illust.). [471. 

Ptaroaaurla. lii 393. 308-309: iv 470- 
Ptarotractwa, 1 331 . ii 99 (iilusc.) , 

iv 35 ^illusL). 

Ptan^a. 1 142. [155. 

Ptiionorlkyafiliiis holOMrleana, i 
Ptinida, iv 355. 

Ftyodaetylua bomolapia, ui 368. 
Pttida, 1 145* 

Puff Adder, n 80, 303-304. IV 339. 
Pnffln, common, 1 184, ut 66. 

Pafflna. 1 184. » 53. 

Pag Dog. 1 383. 384 iiiubt.}. 

Pulax Inltana, 1 356, n 133; iii 178.- 
Pttltdda. Sec Fleas. 

Fulmonary artery. 1 4o-4t. 
Pnlaonata. 1 317, 334, 326-338 . » ; 

too, 330, 461-4O3. I 

Polaattng raenola. i 491, 493. 494. 
496: 11 419- 

PttlTlllaa, III 274-275. 276. 
PolYinarla rlbeaia, iv 351. 

Puma, I 88, ii 9 (illust.}, 10. Ill 247. 

Pupa (pi. Papa): 

■- beetles, t 367, in 394 (illust.}. iv 192. 

— bugs, ui 381. 

— flies, two-winged. t 356, 357. li 442 
(illust.), 468 ^illust.), UI 402 iillust. I, 
403-404 (illust.^ iv 191 (lUusL). 

— insects, membrane -winged, i 370, 
371, 37*. ui 387. 388, 389. 39«. «v 
rig, 113, 115, 117, 118, 130, 177, 195, 
355, 256. 

net-winged, i 377, 378. 379 - •“ 

383-386. 

— moths and butterflies, i 360, 361, 
.962, 163, 364. 365. Ill 399-400 (illust.), 
4vi Illust ), 403 jllust ) 

Pupil, ol m.immals i 58, 93, 94 

“ Para culturM ", i 4- 
Purple-Sball. 1 330-331. n 96-97 
), 394-395, 111 413 ^illust.), 416. 

IV 348 

Purpura lapllliia, i 320-331. li 96- 

07. 194-395. i»i 4>2, 4*6 IV 348. 
PutOrlua erniincus, i 98, it 72, 389. iv 
iiutidus, I 97. u 22. IV 369. [303. 

' f.'triohis, IU 76. iv 304. 

S.biiicus, UI 76. 
visi.i). III 76. iv 304. 

- viilg.ins t 98 II 21, 390. 

! ♦'''CSiOJfOn. vhurc, 1 424 (lUust). 

/cadgonlda, 1 34.b 4-'4 : 447 

Pycnogonum UtUnale, • 424- 
i^gara bucephala, 1 jcj-364. u 

2Q9- 

Fygopodea, 1 15.-. 1^-3 183. ui 64-65. 

Pygopua lepldopua. 1 222. 
Pylochalea, iv 44(’-447. 

Pylorlo cjBca, 1 277 
Pyloric aac. 1 453 
Pyroaoma, 1 iv 106. 

~ ^iganfea iv i<.<6. 

Pyrrliocorax graculua, i 154. 
Fyrrbnla Europaa, 1 13^ 

^rtbon, Indian (muiurus), i 331, 
iilliisLj. 

- West African (sebm/, i 331, 33a 
llllWt f. 

Psrthona, i 333- li 79, jao, ui 370, 445. 
FyUioiiomorplia, iv 469- 


Q 

Qaadrate bone, i 143. >93. *06, 215, 
Qaadminana. ui 353. [337. 

Qoadrupeda, I & 

Quail, i i73;'u 33^ 

Quorena paboaoena, iv 81-82. 
QttOrqUOdUla crecca, 'll! 58. 

— queita, i 176. 

QulU-featbera, i 142-143 (illust.), 
*53. *55. *56, *57, 158. 163, 173, 178, 
18a, 186: ui 396-397, 301. 


R 

B&bUt, i 9, 134 (illust ), li 174-176, 

324. 325. 345-346, 366-367; ill II, 12, 

302, 482. iv I40, 141, 243-244, 308, 
346, 375, 386. 

— angora, iv 343, 244 (illust ). 

— chinchilla, iv 343. 

Raccoon, common, i 94 (illust.). ii 
Racbla, 1 142. [379-230. ill 347. 

Badlale, i 144. 197. *98, 252- >» 299. 
**I*<P^ veaaola See Ambulacral 
vessels. 

Radlatea ikadiata), I II. 
Radlolaxia, 1 496. u 341. iv 76, 77, 
453. 454, 458 

Radiolarian oom. i 496- 

Radlua, I 30, 144, 196, 197, 241, 351, 
353, ill 118, 134, 141, 149, 158,337, 
299. 

Radnla. pL Radnla (^ee alsd Hasp* 

ing organ), t 310; li 95, 96, 97, 196, 

Radula aac. 1310.1195. [198. 

Bala batis, I 288TI1 386, iii 434, iv 
378. 

— clavata, i aB8, ii 334. iv 378. 

RaU. land-, I 171. ii 240 (illust.), 343- 

— water-, 1 171, li 344. (344, 368. 

Raila, I 153, 171. ii 340, 343-344. 368; 

III 61-63, 186. 

Rallua aquatlcaa, i 17*. 
RamuUna glotmllfara, iv 454. 

Rana Catesbyai.a, i 334; iii 5a 

— esculenta, i 354. ui 50, iv 153. 

— Guppyi, 1 255. 

— tempurana, 1 349; ii 83, 192-194, 
391, 422-423, 457-458; iu 50, 183- 

184, 436-437. l»» 383. 

Ranatra Unearla, i 354- >< 124. 440. 

annglflay tnmnAna, 1 m, m 133, 

IV 319. 

RanldJB, i 354. See also Frogs. 
Rapbldea, iv 80. 

Raphldla ophlopata, % 377. 
Raaorej, u 338. 

Raaplng organ, of molluscs, i 308- 
310, jii, 339. I* 94'‘^ (illust.), 97, 

90, *96, 247. 248. 

Rat, black, i 137: and see Rats. 

*- common or brown, i it7. iv 375. 

— water-. See \’olc, water-. 

Rate, I 137. n 334> J2(^ iv 3461 347. 
Sec also Mcle-Kais, Pouched KaU, 
Ac. 

Ratltaa, 1 152, 186-190. 6 343. ui 128- 
M: 449-450 

Bat-Kangarooa, ii 182. 

' ** Rat-tailed Maggot”, ii 316, 44*. 

442 (illust.). 

**ltettle*', I 235; ii jow (tlliisL). 

Rattiltiwalrn. 1 234-235 (ilhist): ii 

80 (illust.), 304 itllust.): iv 135, 339. 
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SftVtn. i 153: « *35. »3«I *37: «▼ 961 
Riy. John, 1 9 liy», 347. 408. 

B«r. thombuck, i a88 (Ulust.); ii 334. 

— whip-, i a88. [iv 078 

Bayi, i *57. *84. a87-a9o; ii 90, 385- 
387. ni 44, 424-4*5: >v 204, *78. 348- 

— eagle-, I *88: 11 90 (illuaL). iii 44 

(illust.). llilluat,). 

— electric, 1 390 (illuit.): u 90, 91 

— ktmg-, i 388-390, li 356, 357: iv 205. 

— true, 1 288. 

Ray-Animalcule, i 49*^: iv 76. 77 

(illu^l.), 449 Ullus* ). 453 . 454 . 458. 

Ray Lankeiter, 1 400, iv 282, 323- 
RasorbiU, cuminon, 1 184 (illust.), 111 
66. 

Kazor-Sbells, 1 355 (illust.); iii 320 

(illii'.t ), IV 215. 

Reason, i 5a. iv 53. 

Rteumur, iii 388. 

Recapitulation, i.tw of, i 14; li 9, 
>5. *9. J 94 . 'll 118-119, » 4 a~Mj, 32*. 
335-336. 337 - 339 . 348. 43 -. 'V 482 
Rectal gills, ii 464. See .ilso Gills, 
of inscct't. 

Rectrlces, i 143; m 297. See also 
Feathers. 

Rectum, n 464*465. 460- 1 ** 8 . 

Recurvlrostra avooetta, m 127- 
Redia (pi. Redle), 1 444- 
Red-MuUet, p?.tiii, IV 271. 

— striped, iv 271 (I’.lust ■ 
Bed-Mullets, .v 27.-372 
Red- or Forked- Worm, iv 362. 
Redpole, lesser, i 156. 

— mealy, i 156, 

''Rad-Spider'*, i 3^3: «» *18, m 3. 
Red-spotted Bluetkroat, 1 160. 
Redstart, i t6o. 

— bt.ick, 1 i6o. (190 

RedUYlus personatus, li 123. iv 
Redwing, 1 160. 

Reed, ii irs; 

Reed'flsb, 1 266, 268 (illust.}, n 453 
Reeve, iv 32^. 

Reeves, w H , iv jgj. 

Reflex actions, iv 9 ^iiiust.), 34, 33, 
34. 49. S'’- 

Regeneration, biological: 

— amphibians, iii 3 ',2. 

— annelids, 11 374-375. iif 329. 

— birds. Ill 332. j 

— crustaceaiiti, ii 374. lii 3ii"33a- ' 

— ecliinodeniK, 1 454. iii 328-329. 

— flat worms, in 329. 

— mammals, 111 332. 

— moss-polypes, 111 331. I 

— reptiles, 11 t/i. iii 332. 

— sponges, 111 325, 3^6. 

— /oophyves, 111 328. 

Regulus cristaliis, I iool 

— ignic.'ipillis, I 160. 

Reindeer, i ut-na. iii 15*: iv 218, 

219 (illust ). 

"^Indeer Age”, i 112. 

Remlges, i 143: ii> *96- See also 

Feathers. 

Rengger, iv 146. 

Rennln, li 169. 

ReptUes, . 60. 191-237: li 70-81, 191- 
1.32, 281-2S2, 29J-a9». .3oi-304. 3*». 
3 * 0 . 333 . 344 - 345 . . 354 * 355 . 370 * 371 , 
424-426. lii 50-561 iio-tii, 121-124, 
184-185, 207-212, 267-97*. 286-287, 
308-309, 33 *. 443-448 . iv 29-30, 47 , 
48, 151 -15a, 9 « 4 . 3 » 7 . 3 * 8 , 336-337, 
348, 378, 39 *- 39 a, 395-396, 417. 410 , 


BeptUea [Co»/.) 

421, 425, 438, 4J2. 437, 463-464, 467- 
47 *- 

— eatinct, ii 328, 329^330: 111 124, 29a, 
308-309 (‘llusD; IV 463-464, 467-471 

— flying. See Extinct. ((illust.). 

— terrible. See Dinosaurs 

— toothleu, I 212-221. See also 
Turtles and Tortoises. 

— varied toothed, iv 467-46^ 

Respiratory organa See Breath- 
ing organa. 

Respiratory trees, of echinoderms, 

II 414: id 96, 97. 

Retepora. i 437 (illust.). 
Reticulum, li t 68 . Sm also Diges- 
tive organs of mammals, herbivo- 
rous. 

Retina, i 58. 

Rotlnaenlum, in 31*- (99- 

Retractor musclea i 334. 438 . m 
Retroplnna Rickards^ iv 275. 
Reversion, iv 488. 

Rbabdltes, ii 361. 

Rhabdooolea >1 >5*. >5*- 
Rhabdophora, iv 458-459- 

Rhacophorus pardalis. III 2^7' 288 

— Keintwardii, li 319. 323. in 288. 

— reticulatus, ni 441-442. 

— Si'hlcgeli, tii 439. 

Rhamphastidm, it 186-187. 
Rhamporbynebus, m }u8-309 
Rbea, common lAmcncana^, i 188. 
Darwin's /DarwinO, 1 188. 

— long-billed (macrorhyiicai, 1 1S8. 
Rbeas, i 188 . ii 243 . ni 130, 153, 449. 

Bblna sonatina. ■ 286-287 
Rhinoceros, common or black (bicor- 
ni*.), I 106 (Ulust.). It 350. Ill 138-139, 
140. (350. Ill 139 illust ' 

— Indian unicornis), i iu6 iillust ). n 

— white isinus), ill 1 38. 

Rblnocaroses, 1 04. 105 -106. ii 350 

III 118-140, 488. IV H4, .73. 

Rblnodonna Darwlnl, m 440-44' 

liUnt.). 

RblnolopbUS femimequinum, i {>3 

— hipposideros, 1 8i (8 , 

Rhlnopoma microphyllum, i Sa- 
Rblsocrlnus, iv 446. 

Rblsomya ni *04- 

Rblsopoda, i 492, 495-498. li 268- 
*70, 34 1- See .also Aninulrules. 

Rbodeus amarus, H 45* hHusl >. 
Rtaodltes rosa. i 37*- » *04-305. 
Rhombus lae\ IS, iv 3C1B 

— iiiAxiimis, I 270 lii 4)1-432. IV 2i 3 . 

Rbopalla, iv 41 (iiiu^t. ' 
RbopalOCera. i 360-362 Sec also 
Butterflies. 

Bbyacopbllldes, u 116. 
Rhynchltes betula, in 394-396. 
R^nchooepbala, i 203, 236-237, 
in 56, 444 : iv 4*0, 464, 467. 
Rbsmobodesmos terrestrls, li 446. 
Rbynebops, ii 52. 

Rbyncbosuchus Soblegeli, i an. 
Rbyssa, iv 195. 

Rhytlna, ii t73->74- 
Ribs, amphibians, i 239. 

— birds, i 144-145. 

- Ashes, i *6r. 

- mammal*, { 39, 46. 

- reptiles, i 194-195, *06, 237 , ii 424 . 

id *87. 

Rlce*Rlrd, i 156. 

Rlobardla JBtblopica, iv 80. 


Ridley. H. N., iu 488. 

Rtwinla ii 3Q4. 

Rlng-mniele. H 171- 
Rlng-Oneel, i 160. 

Rises trldactyla, i 168; iii 455, 456. 
Rlteema Boi, ii 935, 347; iv 3*6, 
3*8, 358. 

Biver-Sbrew, African, it 35- 
River-Worm, red, i 431 ; iv 203-204. 
Roach, i 282, ii 449 (illust.), 450. 
Roblr Bedbreaat. i 160: in 185 ; iv 
Robinson, Louts, iii 234. (96. 

Rock-Badgera See Comes. 
Rock-borers, i 335. 

Rook Goby, 1 275- 
"Bock Hoppers”, iii 186. 
Rock-Kangaroos, n 182. 
Rock-Lobster. See Lobster. 

Rock- Wallaby, yellow - footed, iii 
479 llllUbt. ). 

See Mammals, gnawing. 

Rode and Cones. 1 38. iv 47- 
RoUing-np habit, n 341-34** 

Bolt, H. A , iv 379 

Romanes, n 154, 324, m 19 95, 115, 

* 34 . IV 3851 401. 478, 488, 489, 494. 

RondeletluB. iv 315. 

Rook. 1 153 (illust./ 11 235, 3j6si1lust.), 
354; III 185, 186, 463. IV 130-133 
^illubt.;, 348. 

Rorqual, u 29, iii 85. 
Bnse-bedeguars. 1 ^^ 2 . 

Rose chafer. 1 jcs, .iiiust.). 
Rosa, IV 307, 341. 

I ^89 Iillust , III 6. 

Rotatoila. See licci Animalcules. 
Rotifer (and see Wlieel Animalcules): 

— Clown, n 262 263 Iillust.) 
flower, ii 263. 

— rose-i-oloured, i 434-435 (dluvt li 
263; ill 100 (illi.«t ). 

Rotlfera. 1 301. 134-435 and w 
Wficel-Anim.di vies 
Round-mouths, i 257, 291-292; :i 

j >2i-9'», 385 111423 iv 278-279, 

I Round-Worm. i 447-44^ dlust ), iv 
I Roy. Ill 307. I343. 

I Rosltes gongylophora. n 209. 
RulT, I 169: IV 147 

Rumen. « 168 Sec also Digestive 

organs of mammals, herbi\orniis 

Riuila cratsgata, 1 364. " *97 -*98: 

lil 102. 

Ruminants (see also Mammals, 
hmifed), I 29, 109-122, 11 351-35*, 
365-360. Ill tso-iS.li 489-490 

— ** hollow-horned 1113, 11 352. 

Running Birds, i 153. 186-187; ii 

*43. 354. »'7-3f8. iii 128-13*. 449“ 
450. iv 475-476 iin 348 

Ruplcapra tragus. in? ii 365-366: 
Rutheniea. iv 8a 
RutlcUla plncuicuius, i 16a 

— tilhys, I 160 


S 


Babella, u 339, 409. 

Babellazia, 1 430: n 339. 

Sable, American, hr 303. 

— Russian, i 98: iii 156 (illust.), iv 303. 

Saccophejynx pelecanoldee, iv 

446. 

Saoculina, iv 197-199 (iUust) 
Sacral vertebra, i 27, 144. >94. *39- 
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Baoruni, 1 M4 ^411^51 

84 130 135 , 133 

Baddle^}yst6n, m 408-409 (iilust 

Sagltu III 31 lIlllHt l\ 4S 

Baltli imlex, iv 166-167 ^iilust 
jtaJOH%i 7^77 

irtri, 1 78 III 340, 341 (iiiubt ) 

Sakli 1 76. 76 

Bal&miUldM: black, I 34S III 4 ^ 
r-iiv^ot 1347 11457 11148 
-> MlSMbbippI I 348 II 456-457 III 48 
■^tireo I >49 11 457 "> 48 4Q. 

— <ipectacled, 11 433 [ illiist 

— spciuetl, I 338 345 iiiliul II 83 j04 
III 46-47 (illust 4 6 

— fhree^ood 1 34b 1 1 48, 435 

Balamaaders, 1 345 347-349 » 433 
456 457 III 46-49- 

— tuh, U 83 III 4‘> 

iKlamanrtra atm 1 345 111436 

— maciilu-ka, i 338 345 11 83 304 111 

46-47 43O f4D5 

BfclaBMUidrella KeyBerllngl m 
toUmandrlna penploUlau n 

iftllTa. 1 36. 37 11 313 313 U-» 

r- of lIXMCt^ IV 133 , 134 135. 

laUyazy 1 36 (liiust ) u 168 

Ballx. IV b9 

SaUuBt •V 394. 

■•Jixno fano 1 383 IV 375 ^76 379 

— Nalar See Salmon 

SaIxROD* I a83 illibkt ) II 388 III 183 
436, 433-4)3 llust IV 133 154 153 
(llLott.], 375 376 379 

Salmon Family 1 jf^o 3S3 

Salpa, 4 500 11 378 III 423 iiiiiM 

cxMntnon, i 3j [iv toC 

* flaltanuntum Sardlciun iv 271 
Saltlctu aoenlcua 1 393 » < < >" 
SalU of lime 1 3 l37<^ 

SapdeaUm 1 ) 
gandenon c 1* iv ^ 

Sand'FUea 

ftandford, m 100 (2 ^ 

Sand-QdiPer 1 334 "■ 

Sand-Qmse 1 is? 1^7 ><3 1 4 

Palkias 1 »f8 1 379 2S1 I ' 1 

Sand-Boppen 1 im 415 ><ii t > j 
143. 494 «» ‘ 4 ‘73 ip 1 8 
Wawdlaa. n m iv 1^1 
tand-Hartin I 161 143 Iw 

>ap4iyiiPwr r min i i 1C9 iii i 7 
*- curl««, 1 1^9 

— green 1 1C9 

— purple I 169. 

— ftharp-uilLd I 169 

— lemmincl. ^ 1 169 
-- wixhI 1 169 

Psndptpen, 1 169 (iiiu«t ) iv 147 
Ill 304 

Hj^ld^Waap C mmon, t 373 11 106. 

— field, or fl> Coring 1 373 u 106 

SiBd-Waapa » 373 u *06 iiiuM 

ittraiBn vantrlcnll, iv 76 78 

(lUiiht ) 

Saroopbaca camana IV 7a 

Sarruenue, iv 7a * l34« 

Sarcoptoa aoabat, iv 196 (iIIum 
laroorliainpni gryplina. 1 175 ‘v 
lardiM 1 283 IV 965 [433 

phosphorescent ii 119 (liluM ) 

SatraomiJi variolarU iv 71-73 
Sara, iv *82 
fatte-BM IV 406 

•atvnia can>i"ii • "'^3 *^ 4 * 

— Penifi, ih 60 

- 5sina inai, iv 260 


Banropoda, iv 469. 

Sauropiida, 1 304 
Sayaco. » ‘03- 
SavUlo Kent, u 153, 159 >7* 
Saw-Flahea, 1 aSS u 89 (iiiiut ) 
Saw-Fly, apple, IV 356 

— Australian, lu 389-390^ 
cherry and pear, iv 456 

— com. III 387-388 (illust ) IV 355. 

— gooseberry aiM currant iv 356 
plum IV 356 

— rose. 111 388 Uhist (iv 355 

turnips 1 371 (illust ) II 204 lu 389 

Saw-Fliee 1 370-37* « 303-204, 387- 

390 IV 160, 355 j56 

Saw-Wort, iv 82-83 (illust ) 

Saxicaya 133s 
Saxtoola, IV 133. 

— u-ninthe, i t6o ui 185. 

Saxidomuf arata. iv 334 
Saxilrase ^.oidcn iv88 

Scale-AlMCt apple lU )8| IV 350 

— i.urraiit iv 351 [ illust 351 

goosclierry and currant iv 351 

Scale-lneecte m 381 iv 350 351 iv 

Scales 'imi.hibnns 111214 [400 

birds legs 1 141-142 111 -’97 

— fishes, 1 *64, 369 271 280 28) 

— ganoid 1 266 268 

plac mI I 12 I) 259 461 21,8 

— mammnls 1 42 

replies 1 192 133 2 ^ 213 214 

2 3 225 226, 8 37 in 21C 

Scale-Worm u 408 ill si m ,8 
Scallop, edible 1)17 ) 18 

] il,nm 1 337 illust I45 46 

Scaliopi I 337 338 »» j6-37, 409 IV 
Scaneoree mat 3 
Scaphander u loa 
'Scaphirhynchue. 1 268 
Scaphitee IV 4/ o illnst 
Bcapbopoda 1 n 331 339 “ 347 

248 111 I 2 411 412 IV 18 

Scapula 12^ (j 187 >97 198 241 

232 111 201 9'< ind see Shoul ler 

girdles 

“Scar" of Limpet 1V57 58 
ScarabnuB aacer 1 368 u 209 an 
ScaruB II 161 IV 4 )7 
Scaup 1 176 
Scelimena ni 27 ^2 
Scent'glandB iv 142 illust 152 
ScepaBtuB pacbyrhyncoides u 
Sebarff III 105 (315 

Scheltopusik. 1 323 iiiust 
Scblemens n yS 
BebiUer IV 403 
Sebimper iv 64 

SchiBtocerca (Acxldium) pere- 
grina 1 >82 n 213 
ScbilOPOda, Miv’ 4>2 4>3 
Scblxotariia 1 39^ 307 
Sobmankewitsob, iv 193 

Scbmldt Oscar III 148 

Sobnelder u 50^ 

Boiara miUtarla, iv lay. 

Sdenoa, • ■. > 

SdantlSe Kotbod, 1 1-4- 
SoinoldiB III 207-208 
loinonB olBcinalla, 1 aar u 76, 77, 
a<a III 207-208 

BdJMor-blUa u s* dhiH ) 

SdUlldm Sec bquirrth 

SolnropUrui yoluoella m 283 

S^nma 1 m* audatut III 247 
- viiltftn^ 1 125, ii 367 III 481-484 
IV 308 


Sointor w L 11 311 316 IV 412 
Bolerotio odat, 1 57 

SOOlOpaX g^nago in 127 128 . 

— nuticufag 1 169 II 68 

SooloponSra moraitanB. 1 397 
Soolopambralla, 1 397 
Seombar coUas, m 41-43 

— vermhHirk74 m 42, 43 ‘v 2701 

Soomartflb See Mackerels. 

SoopOlaa enimnlla, n 319 - 
SoorpAo, 1 387 
Boorpion, field . 1 387 

— house-, 1 387 

— rock , 1 387 

Booiplona, 1 385 387 illnst ) n 125 , 
442 443 III 168 169 , 373 IV 15 

Soorpion-Fliea. 1 377 378 iiinsi n 

III 

SOOrpiOnldSB See Scorpic ns. 

Soorplon-Sbelli n 336 
Bcorplon-Spldera. 1 389 
Scotar, black 1 177 

— velvet, 1 177 

Scott Elliot, IV 64 , 83 89 
“Beratobing'* birds, u s 
Scroblcularla, u 249 s Huvi ) 

III 2 ig villust 

Scrub-Turkey m 451-4 5 -e 
Bcrupooellarla, iv 105 . 

Scudder 11307 

Scutes (f reptiles, i 192 , 205 , 20 '), 
210 •»3 u 3)3 (illust ) fi (5 

Bcutlgera 1 397 n * 33-134 430 m 
SoyllaruB arctus 1 411 (illust 
ScyUlum canitul I I 2)7 264 284 35 
II 382-387 »» 424 
calulus, I 286 

scypbomeduBSB 1481 481 483 - See 

ilso Hydroiis 

Sea -Anemones 1 4^2 473 474 

illust ) U«|6D 158 (illnst ) Hy 308 
^41, 361 417 418 lllu t 111 327 
328 illust } 353 IV 7 2-, illust 76, 

Sea-Bass m 4 -‘s >1 ) [217 

Sea-Bear n - > 49 * ‘v 04 107 
Sea-Breams n 195 
Sea Butterflies n 78 
Sea-Cat 12 ^ yi illust ) II jSj 
(illust 

SfA-Centipede 1 445 423 dinst n 

146 III >7 98 illust IV 12 44 

Sea-Cows, I 6 b loi lu 111 t II 

1 3-174 illnst 3 t III Si H) 
(illnst ), 490 IV 213 13 {14 4)1 

473 

Sea -Cucumbers, 1 454 4 } 4^4 

illust n (4 414 416 iHusl II 
24 (illi t 92 93 97 (illnsi J 
328 357 IV iy> 217 

— fof tlcss 111 97 (illust I 
Sea-Bar Sce Onner 
8 w-Fl 0 Wers 1473 478 andsceSei 

Anciii lies Cur lb, he 

— eight rayed i 4M> 476-478 iv 102 

— siv rayed, 1 474-476 

Saa-Baia i 324*325 » 397 '»• 3s 

(illnst ai8, 412 (iv 

Bea-Bona, Austmiun n 296 iiiust 

fthori snouted i 077 (illust } iii 43 
44 427 (illnst 

SearLemon u 397 ) >“41 

8 ea-I41ioa, 1 454 . 459 400 iIIum i 
265 , 41 3 > 415 8 , 23 J »8 tv I >9 

446 illu 4 t ) 447 459 . 

Saa-LiOn Siellert 198,99 ill isl 
Saa-Lions 1 >fl u 24 2 $ »> 77 79 

(lllusi , 4 V 2 IV J 04 -J 07 
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IW flfT*** iv 461, 469 (illiut.). 

■•a 'Mute, i 436-437 478: u 

139. I339. 408. 

••UUf-Menm", i 4*9: « >47 (Uiiut*). 

•M-Ha8.i437 (UIUM.). 

IMI-Otter, ir 304. 

'‘■Mt-FarroU". i 184. 
i aa f a na. i 473* 478: iv loa. 
s ea Boorpton. I »74. 

iM^tarpanta, iv 469^ 

Baa-Uater, U 143 405 : ui 

365. 368; iv 199. 

Bea<‘*8pUl8ra’', i 343. 494 (illust.): 

iv 447 (illitsL). 

Bea-BqiUrta. i 293, 997-300 (iilutt.). 
See also Ascidians. 

Baa-Urtlllli. edible, i 456-459 lillust.), 
lii 99-93. 

Baa-mrdiliii, i 4541 456-459: >■ 964, 

389, 340 (iliiist.), 361 (iUu&t.), 41a 
(ilUist.), 413, 4*S-4»6 (illust.^, hi 99- 
95. 355-356. 357 (diusi.) . IV 41. 199, 

— irregular, i 459. (917, 459- 

— regular, i 459. 

Baa-weada, iv 64. 95. See also i^gae. 
Baal, common. 1 99 (illiuu); iu 78 
(illust.), 8o>8i. 

— harp, or Greenlaiidt i 99; iv 31a, 
313 (illuat.' 

— hoodeb or biadiler-uosed, iv 312. 

— nofthem lur*, iii 79, 49<< iv 304-307. 

Baala. i ^-99: >> 34-«95: ii> 492. 

— eared. See Sea-Lions. 

— true, i 98-99: hi 80-81: »v 319-313. 
Babaoeona clanda, 1 63-64: iii 476- 

477; iv 196. 

Saeratary Bird. 1 176. ii 46-48 
(UlusL) : iv 398. 

Badantarla. i 4»9-43o. 

Badcwlak. Adam, i 398; u 360: iii 109. 
Bacmantatloii, i 6i. 343, 349. li 375. 

— annelids, i 495, 496, 497, 431. [3B9. 

— arachnids, i 385-386, 388, 399. 

— cnisuceans, i 409-406, 416, 490; iv 
13-14. 

— insects, 1 343, 345. 349. 359. 384- 

— myriapods, i 394, 395. 

— peripatu^ i 399. 

— veitebrates, i 61, 995: iv 19 

BasmanUd Worma. Sec Annelida. 
Bailer, Raphael, iv 387. 
flolafthft i 986. 

Balaeholdal, | 984-987. See also 
Shaiks and Dog-Ki.hes. 

Balaola Uluuarta^ ii 300- 
Balf-fbrUUiatlon of Flowarf, iv 

84, 85. 

BalOUl, il 35*: 364. 365, 375»* 

Bamllnnar fbld, iv 481. 
Bami-plaatlfrada fbat atmo- 
tnra. iii 156, 157- 

Bamn^tliaoiia entciiua. i 7»-73. 

— naaica, i 73. [ii 164-165. 

— roxellanua, i 73, 

BamOB, 1 7: ii 83. 1*7. >89. 354. 357. 
455; iii S3. 958. 985, 450, 451, 459, 
477; iv 911, 919, 95a, 313. 

Baopar, ii 315. 444. 445. 450» 461. 

ill t8t. 

Baaaa OrBina, i i8 : iv 9-5, 94-95 ; 
and see Sight, Hearing, Smell, ftc 

— evolution of, i 59: iv 6. 

— special, i 963-96^ 350. 

— amphibians, i 945, 956 ; iv t6, 99- 

— animalcules, i 491 ; iv 40. [30, 39. 

— umelldf, i 498-499; ii 146, 148: iv 
95, 96, 98, 99, 34, 40, 4>, 44-4^ 


Banaa Orgaai (Om/.) 

— arachoida, i 386-387, 388, 389, 390, 
39a. iv 44, 45. 

_ ascidians, iv 38, 46. 

— birds, i 150-151. iv a6, 97, 99-30 

— crusuoeans, i 408; it 136. iv a8, 30- 
3*. 35“37- 

— echhioderma, i 454, 463-464 ; ii 154, 
415, 416. iv 41 . and vee Tube-feet. 

~ ftshes, i 963-964, 27a: IV 98-99, 30. 
ja. 38-39, 46, 47- 

— flat- worms, 1 446^ 

— insects, 1 349-350. iii 387. iv a6, 28, 
99, 30. 3*. 43-44, 45. 164-166. 

— king-crabN, i 423. 

— lancelel, iv 46. 

— mamiiials 1 53-59: ii 94, 227, aaB, 
239. IV 97, a8, 29, 30, 31-39, 140-149. 

— molluscs, i 310-311, 33a: li 331, iv 
28, 29, 30-3*. 40, 4*. 49-43. 45- 

— myriapods, i 395, 396, 397. 30, 31. 

- peripatus, 1 399, 40a- 

- reptiles, i 903, 909, 913, aaS, 930- 
93a. 237; iv 97, 29-30, 47, 48. 

— wheel-animalcules, i 435. 

— zoophytes, i 479, 480, 489, 483; iv 
95, 96, a8, 33-34. 40-4*. 

SanaltiTaiiaaa, iv 9-3. 

Bantory narraa, i 53. 

Bapla oIBcInailli, t sh-bm. >> 94-96. 

399-393. hi 4*8. iv 18-19, 329. 
Bapte,or sea-flowers, i 474, 476, 477. 

BarUtopora lulmlAta. 1 47s (>Uust). 
Barlnua caauiiu, iv 387-389- 
Barpantarliii lacretailiis, i 176; 

b 46-48. tv 398. 

Barpnla, i 430. « *58, 339. 409* 

Barimnna Atrurioa, m 495. 
Banatnla lycoplfolia, iv 89-83. 
Baitnlarla, i 480. 

Bats, i 408, 409, 4^6, 4*9. 43*, 43a, 
433; ii 146, 360; and sec Sense 
Organs. 

BawelUU, iv 418. 

Bliac, i *81: il 48: ill 63-64. 

**8Iiiisraaiii'*, iv 317. 

Bhaimy, i 975. 

BhazlL basking, i 286; ii 88 

— blue, 1 984-286 (illust ). li 88, iii 41 

— Greenland, i 286. 

— grey six-gHted, i 287. 

— hammer-headed, i 985-286 (illust. \ 

— Japanese fnll-gilled, i 287 

— Port-Jackson, 1 287, li 89, 90, iii 
494 (iilusL). 

— rondelctian, i 986. ii 88; iv 34a 

— thresher or fox-, li 88-69. 

— zebra, i s86. 

BlUirki, i 957^984-2^; ii 88, 385-387 . 
Ill 40-41, 494-495; iv 198-129, 204. 

— comb-tooth^, i 987. 

Bharp, il 117, 903, aio, 913, 951, 313, 
466 : ui 30, 995, 264, 379, 388, 389, 
.393, 3W; iv nj, 915, 335, 356. 
Bhaap, i ap, 114, 115-117; ii 168, 359; 
iii 948: hr 149, 226-999. 

— Archar, iii 186-187 (illusL). 

— Barbuy, Iv 897. 

— bighorn, i it6. 

— flat-tail^, hr aafl. 

-- merino, iv 999. 

— mouflon, i 116. 

— Rocky Mountain, iii 187. 
Bhaap-Bot, i 356: iv 191. 

Bhaap-** iv 190 (illust.). 

Bhaldraka, 1 177: iii 58 (iUuat.). 
Bhall-flanda, i 416, 490. 


BhaU-mambrana. nt 347- 
BhaU-miacla, *»f niuiiuscs, i 307. 
Sheila, of animalculcH, 1 48^ 495-496. 

u 341 . 

— cnisuceans, i 406, 419-420; ii 405. 

— lamp-shells, i 438-4JQ. il 339-340- 

— molluscs, i 307, 310, 316-317, 318- 
3*9, 3*>, 3a*, 3»4. J25. 3»7. 338, 399- 
33». 334-335. 330. 337. 338, 339, 341: 

« 335-337, 394. i>» 33, 35. 36-37. 408. 
409-410, 411, 415, 416; IV 399-324. 

— turtles and tortuisck, i 914, 218, 919, 

Bhlelda, G. O.. IV 364. [220. 

Bhiald-Urchlns, i 459- 
Bbln-bona, i 39. 

Shipley, ii 260, iii 99. . [411; iv 348. 
“Bhlp-Worm". 1 335: hi 4io(ilIui.l.), 
Shore Lark, 1 156. 

Bhouldar-blade, 1 29. in 201, 298. 
Shoolder-glrdlaB. i 196. m 119'zaa 

amphibian),, i 251. 

— — birds ' *45. >“ *98- 
— — Ashes I 201 , 111 iiB. 

— jaamiiials, 1 29, 69. lU 13a. 

— — reptiles, 1 iy8, 213 

— -joint, i 29 30. 

Bhraw, common, 1 64-65. 

— garden, u 34, 33 (illust.). 

— lesser, 1 84. 

— Tuscan, I 84 (illust. , 85. 

— water, 1 84 11 34. 

— web-fuuicd, II 35, III 71. 

Bhraws, i 83, 84-85 , u 34-35, 37 ; Ui 

7*. *v 397. 

— burrowing, ii 34. 

— swimming, ii 34-35 
Himalayan, ni 71. 

— See also Jumping-Shrews, Tree*# 
Shrews, Elephant -Shrew, Musk- 
Shrew, &C. 

Shrike, grey, i 158. 

— red-backed, i 158 
Bhrlkaa, 1 158, h 64-65. iv 133. 
BhrimPi common, 1 41a , li 137 ; iv 

998, 999-300 (illust. ) 

— freshwater, i 415: 11 14a. 

Bhrlmpa, ii 403, Ui 27, 365; iv 35, 

445 (illust.). 

Bhubkard. m 39*- 
SlalidflB, il 466-467. 

Blalis lutarla, i 377. U 466-467. 
Blbree, iv 336. 

Blda-gllla, il 401-402 See also Gills. 
Bight, organs and Mnse of, iv 24, 39- 
48, 401-402. 

— development of, iv 46-47. (214. 

— amphiBr.ns, i 945, 949, 251, ui 213- 

— animalcules, iv 4a 

— annelids, i 426, 432. iv 40, 42, 44-45. 

— arachnids, i 386-390, 39a, 399. iv 44, 

— ascidians, tv 461 [45. 

— birds, i 150-151. 

— crustaceans, i 409. 414, 417, 420, 
499; iv 43, 445, 

— echinodemu, i 451, 45B: iv 41. 

— Ashes, 1 60, 263, 270, 979-280, 985, 
991: iv 46, 47, 443-444- 

— flat- worms, i 446; iv 41. 

— iiuecu, i 346, 359-353, 358, 366, 
376: iv 43-44, 45. ***, 164-166. 

— king-crabs, i 493. 

— lancelet, iv 46. 

— mammals, i 57-58. 

— molluscs i 3* a, 317, 327, 328, 338; 
iii 918-919; iv 40, 41, 45, 444. 

— myriapods, i 395, 397, 

— peripatus, i 399, 40a. 
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tight } 

pycnogoiik, I 494. 

— nsptilck, I 303, 313, 385 i 
ill ao8, 310 ^ 313 ; iv 47. 48. 

— wheel-nnimalcules, i 435. 

— Boophytn, i 48a; iv 40-41. [367. 

*' 81 CXUaillK 00lmtl01l^ ii 366- 
UlMie nuunt, iv 86. j 

— pumilio, IV 94. I 

— S. £hzabetha:, iv 94. 1 

SUiceons tplculei, of »pon«es, i 

485, 4S6 (l)luu ). 

SUk-flands, iv 116, 359 
BlUc-induitry. iv 359-360. 
SlUnrorm-moiild. iv 77 
SiUnrorms, i 360. n 314 . iv 339-360 
Kiliust;. 

811 pli& ainta. :t 109-iia 

BUortdA, i 380; 111 436-437. 

UluruB 1 381. 
SilTar-fiili, 1 384 ' . ii 314. 

Simla latyrui, 1 74, n 349. in 160, 
i6i, 494. 

SimmOIMla iv 313. ajj, 310 
Slmonaa folUcoLorum, iv 196 
Slmroth. ill 105 [(iiiiikt. >. 

Slmultlito, II 121. 468. 

Slnolalr, in 371, 372. J73, iv ai6 
Sinsl* tube arrangement, of 

invenebraich, luk;hcr, t joj 
Siphon, of echiiKxicriii's, 1 458; ii 413 

Slphonaria. n 462 
SlphonarladsB. n 461-464 
SiphoAOphora, i 481 , n 161-163. m 
19. 3»7. «v 103- 104 

Slphonopt annuUtua. i 355. i" 

313-314. 

Stphons, of mullii^c^, i 330 , 334, 335 , 
ii 96, a40-«50, 311 . 316. 195. 4f«. «'« 

319, 330 , 331 , 410, 411: IV 40 

SliAon-Worma. i 304^ 433-434. « 

149-150,359-360,410. ill 230. IV 419 

— I 433" ii 149-150 See .ilno 

Bnnile Tail l3«7 

Sip hp8>gie . of pearly nautiliit, i 3ib» 

ttpiUlCIllAf nadna. See Siphon- 
Womii. 

Slredoa XaiAeaaua. i 349. 

Slranla. i 68, 10 I-I 03 , ami 5ee Scj»- 
Cows. 

StrenldA. See SaUrnanders, biren 

SlrtA lacaxtiiia. i 349. " 457. m 48- 
SllAX ai^ur, lii 387. ^ U9. a*3' 

— gigai, i 371; ii aoj; iu 386-387. 
SMflIdm, iv 19s. 

i 136. riHuKt 

Sltarlf hAAMrallfl, iv^ 193- 191 
SitoBM lineatua, iv 154.^ 

Sitta emla.i 157; ii 187. lii 364.434. 
Skater, common, li 134 

— pond-, i 354 ; li 123 (illust ), 440, in 
39 fillust-). 

Skatea, i 284. 387-388 (iiiiKt.) , ii 90, 
386, lii 44, 434 (illust.) ; iv 39, 378, 
348 

Skeleton (see a!<<o Endoskeleton, 
Exo:ikeleton. Shell, Scale«| Cara- 
pace, &c.): 

— axial, i 36-39. 

— influence of, on development of 
breathing organx, li 413-414. 

— acorn-headed worm, i 301. 

— amphibians, i 219-241 fillmt), 351- 
933 (illust.); ill 183 (illiist.). 

— aacidians, 1 398. 

— birds, 1 143-146 Mhist ) . iii 265 
(illiut.), 398-399(1110*1.,, IV 475-476. 


Skeltca icpmt.) 

— echinodermt, i 459, 455, .456-438, 

460^ 46a. 464; ill Me Teu. 

— fish^ i 959-361 (iUnrt.), 371. 

— invenebrates, holier, i 303; iii 14- 

— lancclet. i 994, 995. 

— niamnuh, i 95, 96-39 (illuit.); iii 14, 
79 (illust.), 83.^, >3a-S3S (dliut !, 
141-143, 190-191 (iUutt.), 936 (illust ), 
*37. *e3-*94 (illust.); iv 473-473 
(iliuiit.}. 

— moss-polypes, i 436. 437- 

— reptiles, i 193-199 (lUuxt.), 204, 305- 

307, 313-915, 931-933. 338-330; iii 

110 (illusc), 134 (illust ). 309. IV 468- 
47* (illusc). 

— sponges, i 484. 4S5. 486. 487. 

— vertebrates, i 60-63, 309-303. 

land, iu 119-130 dliuu ). 

pnnuiive, i 393-393. 

— zoophytes, i 475. 476» 477» 47®, 480. 

111 398 

Skeleton ehrlmpa. i 41s (>nust.), 

11 142. 404-405. ill 377 (illuM.). 

Stdmmen, u 57. (53-54- 

Skin (and tee Eaoskeletonl. t 44-45. 

— amphibtaiis, i 338-339, 245. .'47, 351, 
355, iit 314. 

— Ashes, i 358-359, 363, 384, 391, 792. 
~ nwmmals, 1 35. 

— molluscs, i 3i> 

— penpatus, i 399. 

— reptiles, i 330, 926, 238. 

Skln-glaiide, 1 338-939: ii 435 

Sklnk, common, t 225 . ii 76, 77 
(illust): ill 207-30S (illust.), 363. 
airinire, i 331. 335; 11 75-76, iii 307- 1 

308. 

Sklp^aOka. See Beetles, rlick-. 
Skna, common or great, i 168 (illust) , 

— long-tailed. 1 168, [u 32 

— pomatorhine, i 168. 

— Richardson's, 1 i68. ii 57. 

Skuae, i i68. li 53 (illust). 

Sknll, amphibianx, i 339, 959. 

— birds, i 143: 11 24a (Ulust). 

— Ashes, I 259, 971. 

— iiiain.iiaK » 97-28 (illust), 66, 79 
'illust), 103, ii 7 (iNust), 16 ^ilhiit.}, 
31 I illust), 176 (illust ). 

- reptiles, i 193, 305-306, aog, 9 to, 
315, 327, 939. (354- 

Skunk, Americao, ii 301-303 (UIusi ), 
Skunks, i 97; ii* *47 
Skylark, i 156: Ui 455 (iOuit.). 456, 

468-469 (Uluit }; iv 408. 

Slado, R., lii 194 - (*<> 4 , 4 I> 

SUmO-klUldS, i 399: » ’34. 360. lii 

SUppar Autmaleole, i 489* 49^-493 

(illust); ii 966, 361-369; iii 5, 6 
'illust ), 393-395 (illust ). 

Sloth, three-toed, li 178-179 (illust.), 
lii 356, 481 (lilust), 483. 

— fwo-toed, i 136 (illust ). ii 179-160 
Sloths, i 14. 136. it 178-180, 395, 

337. iii 354, 356; iv 75. 

— ground', iu 956. iv 473-474- 
Sloth-BStf , IV 334. 

Slow-Worm, 1 333-994. 

Slug (and see Slugs): 

— bbek, i 398: 11 199-901 (illust ), 947, 
4i4: iv 348 (illust.) 

— great, ii 199901. ((illust). 

— grey Aeld*, i 398; ii 347; iv 348 

— red, li 200 (illust}. 

Slugs, i 3»7. 3a6t 3*8 . ii 96-*oo, 199- 
301, 947, »9»» *96, 306-307, 330, 357, 


Stags (Cm/.) 

374. 3*8, 393-397. 43*-434, 4S9-46». 
»» 33-36, 917-919, 4ie-4<7: 3*. 35. 

88-89, 914. 

— land-, i 338; and see Slug. 

— sea*, i 394, 336; ii 100, 306-307, 389; 

Smsathman, iv 125. [iii 36. 

Smslli organs and tense of, iv 94, 30- 
39, 403-403- 

— amphibiaus, iv 33 (illust ). 

— birds, i 149, 183-183 

— cruttaceani, 1 409. iv 30-31 (illust } 

— Ashes, i 361, 365, 373, ii 433-433, 
iv 31-33. 

— insects, i 330; iv 30-31 (illust.), 164. 

— mammals, 1 55-56 (illust ); 11 337, iv 
140-143. 

— rpolluscs, i 310-311, IV 31 (illust). 

— myriapods, iv 30-31 (illust). 

Smslt, common, i 382 , iv 375, 376 
SmtW, i 177. [(illuat.). 

Smith, Anderson, lii 436; iv 334 
Smith, Fred ,17; ii 115, 156: in 438: 
Smith, S. I . II 140. [iv 154. 

Smooth Hound, 1 3S5. 

Snail (and see Snails): 

— Alpine, ii soo (illust ). 

— apple-, 11400-461 (illust). 

— bush, II 300 (illust ). 

— Aeld, u 300 (illust.). 

— garden, i 330 -328 (illust ) , ii 196, 
*99. 335. 433: "« *04. 4«4. iv iB 
(illust), 31, 45. 58. 

— glass, iii 1&0-181. 

— hedge, ii too (lUuxt ' 

— operculate land , 11 200 (illuit). 

— pond-, i 378, II 434, III 34. 104, 106, 
414. iv 18 (illust.). 

— purple, i 330-331 , ii 96-97 (illust), 
394-395. i‘i 41® (illust), 416. iv 348. 

— nver-, i 320. in 414, iv 17-18 
(illust.). 

-• Roman, i 338, ii aoo (illust). 

— round-mouthed, 11 aoo (liliiht.) 

— South American land-, in 414. 

— stone, ii 200 (illust.) 

— trumpet-, i 328; li 434, iii 414. 

— violet-, ill 413 (illust). 

— worm-, ill 413-414 

Snails (ar.d see Snail), i 307-311, 317- 
326, II 96-100, 190-301, 347, 3*7. 330 . 
335-3j6, 373. 393-397. 43a-434. 45^ 
462. ui 33-36, 104-108. 180-181, 217- 
919, 4I*'4I7. iv «7-*8. *9. 3*. 35, 88- 

— oomb-gUled, i 318-331. (89, 314. 

— fore-gilled, i 318-334. iii 34-35* 

— hind-gilled, i 317, 394-3®6: in 34, 
35-36. 

— land-, i 396-338. ii 199-291 (iHust.); 

iii 414. (461-463. 

— lung, i 317, 334, 326-338. li 100, 330, 
-sea-, i 307-311 (illust.), 318-326 

(illust. ): ii 378, 985, 387, 288, 331S. 
iii 412-4x3. iv397-'398. 45* (illust). 

— shield-gilled, i 318, 322-324 

— wing - footeu, i ^25-326, ni 35-36 
(illust), 419. iv 4$i (illust.). 

Snake (and see Snakes); 

— i'Esculapian, iii 970. 

— American black, iii 270. 

— Brazilian wood-, iii 370, 371 (illusi 1 

— coral, I 339, 334J ii 79, 30J, 311. 
339- 

~ coral cylinder, iu axi; iv 433. 

— com, iv 338. 

— egg-eating, iv 491. 

— European blind, i 936 



INDEX 


549 


tnakt [Com/.) 

— grau, i 33a, a33 (Ulust ): ii 78: ui 53, 

— rat, IV 338. laTO, 444-445 

— rattle-, i 334-935 (Ulust.) ; ii 80 
(illiisit.), 304 (Ulust.): iv 133, 339. 

— smooth, I 333-333 (iUust.). 

— wart, 111 53. 

BnAkM iKce also Snake, Pythons, 
lions, Vipers, &c), i 203, 397-936. 

II 76-81, 303-3041 3**1 3»9i 330, 435: 

•n 5J-54t 110-1 If, 184, 310-913, 970- 
273, 444-445: iv 159, 338, 338-340. 
391. [313 (illust.) 

-- blind-, i 939, 935-936 : ii yg, 32Q. 111 

— burrowing. See Blind-Snakes. 

— cylinder-, iii 3X>. 

— sea-, i 339, 334 : ii 80 : id 5 j 54 
{illus.t.). iv 339. 

— shield-tailed, ii 79 , iii 31 x- 3 1 a (illust. \ 

— - simple-toothed, i 939-333. 

~ tree-, iii 370-371. [373. 

— whip, i 332, 333-234: ii 79, iii 271- 

— wood-, iii 270 [ill 64 

Bnaln-BiltU, i 181; ii 49-50 (Ulust.). 
BnaJce-FUei, i 377. >* "i- 
Bnake-tieaded Plah, d 451 (Ulust,). 
Bnlpe, i 16^ 

— common, i 169; iii 137, 128. 

— great, i 169. 

— Jack, 1169. (a88, 391. 

Bnoot * , t ^68-269, 27s, 276, 282, 

— mammals, i 83, 108. 111 201-202. 
Bnowtfrop, iv 92-93 (Ulust.), 97. 
Bodology, 1 17* 

Bodliun clilorlde, i 33- (435* 

Bolan OOOM, i i8t, 418; iii 62-63, 
BolMter pappoiuf, i 454- 
8<ddLer-(^P. Sec Hermit-Crab. 
Boldier-Fly, u 119 (Ulust.). 

Bolt, common, i 379-280. iii 43a: iv 
33, 369 (illust.). 

— lemon. See Dab, lemon. 
Bolt-bonw, { 33. 

Bola-regloa, i 24. 

Solea VUlBILllg. See Sole, common 
Bolen, i 335: iii 330 ; iv 315. 

— cnsis. i 335. 

— siliqua, 1 335. 

Boltnodon, 1 85: ii 33. 

Bolanomya, iii 108. 

Bolenol l**irw-, iii 

Bolmarli ooronantlia, iv 33 (illust. ), 
Bolpngidn, i 387-388, iii 169. 

B o m n, IV 490. 49>> 493 - 

Bonmteria Dresscn, iv 309. [309. 

— Dollissima, i 176; lii 59, 60; iv 6^ 

BomerrlUe. iv 349. 

“Bong-UnU”, i isa- 
Bonc- 1 )OZ, i 149* 

Bootbsayen, 1 381: ii 116-118 See 

also Mantis, praying-. 

Sorex minutus, i 84. 

— vulgaris, 1 84-85. 

Sound-wavee. i 5^57- 
Spalacld». See Mole-Rats. 
Spalax typhlus, i 130. u 177-178: 

III 703-204. 

‘‘Spanlsli Fly”, iv 331 (illust.). 
Spaxidn, ii 195- 
Bparllng. See Smelt 
Bparrow (and see Sparrows): 

— hedge-, i 160; iii 185. [dUust ). 

— house-, 1 156, ii 187, 334; lii 460-470 

— tree-, i 156. 11 187: ill 470 [348. 

BpaXTOWB (and see Sparrow), iv aoa, 

Sparrow-Hawk, i 174 nUIusi.). 
Bpatancni purpurena, i 459: » 415- 
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Bpatnla eiypeata, i 176 
Bpatnlarla. 1 969. 

Spawn (see also Eggs): 

— of amphibians, iii 436-437, 43^ 

— of molluscs, di 413-414 (illust.), 417- 

418 (illust). [i 14. iv 477, 478. 

“Bpeolal creation ”, doctnne of, 

8p#0lei,i9- 
Bpedllo name, i 9. 
Bpeotre-Tareler, i 80 (Ulust.), ii 319 
(Ulust), 320, ill 344 (illust ). 

Bpelerpei Ulineatof, iii 435- 
Bpenoer, Herbert, iv 401, 403. 

Bpeotlto ennlonlarla, i 166 
Spermaceti, iv 316. 

Bpermaphsrta, iv 64. 

Bpermary, m 340. 

Spermophllufl cuilius, i 126. 

— tridecemlineatus, 1 ia6 
flperma, ni 335. 336, 340. 
SphsBroma, 1 415- 
BpbargldB, 1 216-317. Ill 55. 
SpharglB, 1 216-217, 111 ss 
SpbenlBCUB minor, m 67. 

Sphex Iclmeumonea, iv 56. 

SplLlnX ligusin, I 363. 

— pinastn, 1 363, iv 87. [in 326, 34a 
BplCnleB, I 477. 485 (Ulust } , It 341. 
Spider (and sec Spiders): 

— Austrah.iii flying-, ni 389 (illust ) 

— Australian poisonous, li 127, 308. 

-- bird -c.nching, 1 392, li 130, 443 
(illust K 

— garden- (or cross', i 390-393 (Ulust 

li 137-129, 44): III 276. (276. 

— harlequin-, 1 393 , ii 131 (Ulust ) . lii 

— hedge- .or held;, 1 392; ii 130, iu 374 

— house-, i 392; II 129 (Ulust.), 130, 
443. ni 168, 374* 

— mascarene, ii 308-309. 

— raft-, ii 131. 

— tarantula, a 130. in 168, iv 341. 

— water-, i 393-393. ii 131, ui 375-376 
iillust.). 

SpiderB (and see Spider), 1 387, 390- 
393. 11 126-131, 299-300, 316, 345, 
373-374. 44*-44i, «n 168, 276. 389, 
290-391, 373-377 : IV 15- 44, 45. 166- 

— crab-, ni 168. [168, 339, 341. 

— four-lunged, i 392. 

— hunting, 11 130, 131 illust.', iv 166. 

— jumping, ii 131; in 168, 175-176 

— segmented, i 393 (UUust ). 

— trap-door, 1 392. iii 376-377 (illuj-t). 

— two-lunged, 1 392-393. 

— unsegmented, I 392-393- 

— wolf-, i 393; li 130-131. iii 373-374- 
Bplder-Uke anlmala (arachnida), 

i 342| 385-394: « *»5->32, 7i7-2f8, 
399-300, 308, 316, 345, 373-374, 44»- 
443 . hi 168-169, 175-176, 376, 289, 
373-377: iv 15, 166-168, 195-196, 34', 

— extinct, iv 463. [360, 46a. 

SplloBoma mentbagtrl. u 3i3> 
Spinal bnlb, iv ai. 

Spinal cord (and see Vertebral 
column), i a6, 50-51 (Ulust.', 53 . iv 
19, 20. 

Spi^ marrow, i 34-25, 36, 78. 
Spinal neryes, i 51 iv 19, 20, and 
see Nervous System. 

SplneB, of echinodenns, i 45a, 456- 
457. »» 93. 94-95- 

— fishes, I 271, 273, 374, 375, 376, 778, 
386, 388. ii 333-334- 

— mammals, i 64: ii 333. 

— molluscs, i 33^ 


' **BpinMKttt’*, i 39> : ii >*7 (Ulust), 
139. [ia» 

Bpinnlncvfinadi. i 389. 391: ii (>7- 
Spiraclo, 1 358, a86: ii 386: iv 301 . 
Splnonlir ctoft, i 358, 360, 363; ii 
386-387. 

Spiral TElVO, i a6i. 

Splrooluito choleras uUticc, ir jS. 

— Obermeieri, iv 78. 

Splrorbia, i 430. u 258, 339: iu 356- 
359 (ilhist); iv 75- 
Splmla, 1 313 (illust). 

Spittle. See Saliva. 

Spleen, i 43- 
Bplenlo fever, i 3- 
"Spllnt-bonee”, iii 143- 
SpondyluB, li 336: ill 409- 
Sponge (and see Sponges), bath-, i 
4B6, 487 (illust ). Ill 336; IV 334. 

— bread-crumb, 1 486;. iv 101. 

— cup-, III 326 (Ulust.). [(illust). 

— freshwater, i 487 , ii 372 : iii 336 

— glass-rope, i 4861 

— horse, IV 324 

— ziinocca, iv 324. 

Sponges (and see Sponge), 1 304, 484- 
487, 494 . n 163, 365-266, 285, 309, 
341, 418. Ill 3, 8, 325-326, 34»-34J. 
IV 101, 324, 447-448, 464. 

— calcareous, i 486, 487 viUusl ). 
siliceous, i 486-487. 

SpongUla, 1 4S7. u 272; III 326. 
Spontaneity, iv 3-3. 

SpoonbUlB, i 180 

Spore-formation, in 321-333. See 
also Development 

Sporea. 1 49B-499: ni 333, iv 96, 206. 
Sporocyst, 1 444, iv 302-203. 
Sporoducte, iv 3061 
Bporosaoa, iii 351- 
SporOBOa, i 493, 498-499 , ill 333 ; iv 
306-207. See also Animalcules 
Sporting Zoology, i 15 . >v 364-381. 
Sprat, 1 383. iv 197, 364. 

Sprat-" Louse”, iv 197 (illust). 
Bpilngbok, iii 187-18B 
Bprlngen. See Spring-Tails. 
^ning-Fly, great, li 119 (illust.). 

Springing apparatoe, of insects, 
384; 111 176, 177-178. 179- 
Sprlng-Talle, i 3B4-385: u 314. ih 

176 (illust), 377. 

Spurges, IV Bo, 89, 97. 

Bquamata, i 337. 

Sqnatarola Helvetioa, i 169. 

Squid, common, i 314. 

SquldB, i 314-315 • i> 94-96, 39a: iii 
30-33, 4*7-V8: iv 18-19, 45, 340- 
BquHla, ii 404- 

— Desmaresti, i 413-414. [369- 

— mantis, i 411, 413 (illust.); ii 141. iii 
Squirrel, common, i 135. ii 367, 368 

(Ulust.); ui 483-484; iv ^ 

— ” flying- ” American, iii 283. 

brown, i 126; iii 382-283. 

SqulrrelB, i 135-126; U 176-177; iii 

246-247, 251 : IV 97. 

— “flying"-, i 126; ii 327; iii 282-284. 

African, 1126, ni 283-364 (illust). 

-- ground-, i 135-126. 

Stable-Fly, ii lao. 

Staby, Ludwig, iv 386. 

Stalnton, u 352 
Stapbyllnldm, ii 108. 

Btar-Fiah, common, 1430-454 (illust): 

ii 153-154: i» 90-93 (illust); iv 41 

i (Ulust). 
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itar-FlflMli i 4S<>'454 (iUlML): li IS3- 
«S4. 4«3 (Ulurt.), 41S : iu 3-4. 9o-»». 

*39 (iniist.)i 3*3-399 (iUiut.)i 356- 

357 (illiut): iv t99. 4S9> 

Ha i Ml H; coRtunon, i 155 (iHust): ii 
•36: tv 40& 

— w col oured, i 155. 

HarUngi, i 155: H ■36; iv 34B, 408. 
■tfttOldUtli iU 33»>33i- 
ftMropwftil.ii 313. 3>4- 
Btavtlif, u »4, ia8: iU 374. 37S> 

■tftonUi OarlptMto, u xss. 
MMtonttliidM, ii tsa. 

BtobUDf, ii X43: iii >7>* 1^4 

Butpuupodm, i tss, 180-189: IU 62- 
StagOOB^U, U 334; iii 914: IV 463. 
467. 

SttfOMlIinia, iv 469, 470^ 
atagortonna ttfilnum, i 286. 
ataaoboUinit, i 38«- 
Btaaopiaryx lilrundiiiiii iv igo. 
SWBOrihji^tDUi, ii 987-289. 

Stentor. iii 3x9^ 

StaaSuUa ooroiut. iv 104. 

8ti!PlM3IOO«nM, ii 269, 263. 

ttoroonrtaa. i i6e. ii 31-52. 

— ouaniiacteftt i 168: ii 52. 

» crepi^as, i 168: u 52 

— puniiticus, i 168. 

— poouiorhinut, i 16B. 

Mavlait. *v *77. *78. 

StffllA Cantiiica, i 168. 

— Dei^l^ii68. 

— ftiviadUi, i 168; iii 453. 

— macruim, i 168. 

— otionta, i 168. iv 133. 

8t«RMl Btona, 1 408- 

ttania,iv 408. 

Btcrmilll. amphibiao*, i 239. *S>* 

— birds, i 145, 186-187; iii jigg. 

» maaunala, t 99, 69, 145. iii *o** 

— reptiles, i 195, 906; iii 309. 
ttarailSOIl, Riibert Louis, ill 236. 
StlflldBlMUdKf fifteco^ned or sea, i 

976; iii 498 (niust.), 431. 

— tea.^MiMd. i 9^6: iii 430-431* 

— thre e s p ipsd, i 976 , iii 4*8 (illust.), 
Iv s 54'I57> 

•tioKliteeki, i 16, 976; iu 4*7-431; 
vr lf4riS7. »9«- 

(sing. Itlgma), 1 348. 388- 
»o. 3W-3W. 401. ii 434-440, 44*. iv 
193. 

Vrdtln’*, iii 94-95 (illust). 
tttmaloa (pL ttlmiUl), i 53-54. 55: 

iv 3-5 (ilhist), 9, 94-26, *9-30, 32- 
Itlaf, of aradwiils, i 386. I33. 

— of inssets, i 373 : u >05, 357-358 
(Olttst). 

tllllglBg*08l]a> See Nettling or> 
gana 

hnects, i 353-354: u 
3«5. 558-360. r»v 141 

— aammals, i 97-98; ii ao*-303. 354: 

— myriapods, i 396; tt 36a ^ | 

MiBidioni, ivps. 

itl&t, little, i 169. 

ftOttl, i 98: ii **. *89: ^ 303. 345- 

MOBMll (end see Digettivc organs): 

— honey-comb, U t66-i6^ 
rcnacia u Jtei 

— amphihiaae, i 141 (illast), 253 

riDiiit). ((Uhut). 

— birds, i 140 (fflust), 146: U 184 

— cttwia c es ns , i 407-408 (illust). 

— ediinoderms, i 45*-453. 455* 

— ftshes, i 961, 970 (illttsL). 


BUmaoh iCmi.) 

— mammals herUvorous, i 109. ii 165, 

167, 168-169 (illust), 171, 172: 111 
49a (it 39-40. 225. 

— — omnivorons, i 35, 36 (illust ), 37; 

— moUuscs, i 308, 309 (illust.). 

— reptiles, i eo7 (illust), 208. 

— suophytei, i 473. 474 (iUust.), 479* 
Sfomatopoda, i 4x0, 4>3-4>4: » mi* 
Btomozyg oaldtraai, li 120. 

BtOBO Aga, IV 908, 210, 228, 233. 

— newer, iv 224, 226. 
older, IV 226, 933. 

Btona ebat, i 160. iv 133. 
BUma-FUaa, i 374. 377: »» ”6, 463- 

464 (illust \ 

Stork, American wood, ii 55. 

— marabout, i 179. pv 62. 

~ white, i 179. li 55. iii 127 (illust), 

Btorka, i 15*. i79. » ss* 1*7. 307. 

iv 62. 

Btrattomya chameleon, it 119* 
Btratnm (pL Btrata), iv 456 -457 

(illust). 

Btrapaloeroa kudu, ii 366. 
Btrapallue tutarprea, 1 169, li 67 
Btrepalptera, ui 314: iv 19** 
Btroptoneura, i 3>7. 318-3*4* 
Btrtgae. i 152, 165-166; and see Owls. 
Btrlngopa hahroptUua, i t66. ii 

>89. 3*9. 3*0. 

Btriz flaminaa, i 165: W 327-328. 
Btromime, i 3*< (illust). U 373; iii 
107 (illust), 180, 181 (illust). 

— gigas, iv 397. 

Strongpla, armed, tv 36a. 

— giant-, iv 36a. 

— stomach-, iv 36*. 

Btnmgylua amuuus, iv 362. 

— oontortus, iv 36a. 

— filaria, iv 362. [485. 

Btmggla ftnr SsUtanca, i 65. iv 
^trutblo camalua, i 188, u 243 »> 

X30. 153. 449* 

Btrydhnoa uuz*vomlea, iv 80. 

Btuigaon, commtMi, I 268 (illust), iv 

— giant, iv 977. (977 (illust ). 

— GtUdensUde's, iv 977. 

— shovel-nofc, i 968 (illust J. 

— slender-beaked, 1 968-269 (illusi. '. 

— spoonbill or paddle - fish, i 269 
(illust). 

Stumuf Tulgarlt, 1 155. n *37* 
Btylaatar, i 480-481. 

B^opidfli. iv 19a. 

Stylopa, 111 313 (illust), 314. 

B^n^ atarrlmua, iv 19* (Uiust). 
BubdaTlui, ui 300. 

Buodnaa putrli, iv 909 (illust). 
BUOkara, of bats, iii 945 (Ulutt). 
Buotorla, iiisaa 
BttBaz1mi]i, ivsp. 

Bngar Squliral, Ui 984-985. 

Bulds, u 931-934. 

Bula Banana, ii 50; iit 69-63, 455* 

— pMcanix, ii 53. 

Bulphurlo ai^ u 98. 
Bun-BuluiaVralaa, i 489. 496 OUubl): 

Ui 6 (Uiust). 

Bun-Btxda, i 157: iv 
Bundawu, iv 68^ (Uiust). 
Bna-VUIliM. i 978; hr 44B (illust). 
Sun-Btar, i 454* 

B upportlllg tiaaua. See Bone, 
Gristle, ftc. 

Burlhaa tanalaa, i 467* 

SuzBla ulnla, i 166: u 31^ 


Boa criitata, iv 373. [373. 

— bcnd.i, 1 108; ii 931-934; iv 932-933, 
BnilUU, 1 126. and s e Gophers. 
Buauki u 98-29 (Uiust). 

SvmlnaoB, iv 479. 

BwaUOW-Fly, iv 190 (Uiust.). 
Bwallowa, i 161: ii 56; iii 304, 305, 

461, 467-468: iv 60, 328. 

Bwan (and see Swans): 

— Bewick's, i 177. 

— black, i 177, 

— Mack-necked, i 177. (457. 

— white or mute, i 177; id 456 (illust.), 

Bwune, 1 177. ii 65, 237-238: id 58, 
Bweat, 1 44-45* Im7-'48. 

Sweat glands, 1 44-45; >» 476-477* 
Swift, common, 1 163, and see SwiAs. 
^ palm, iv 61. 

BwlftS, i 163. ii 56, iii 186, 304, 305, 
46a, iv 328. 

Swimrhladdar. of fishes, i 269, 272, 
e73, a8e: ii 421-422 (illust), 450, 452- 
453. 45 4 . 455: »• 43*. 43*-, 

** SwlBmaiuta ", 1 403. id 27. 

BwlBimlnB*helli, <i> 19. iv 103, 

Bwlmmlng-feat, * 4**>. 4* *-4*** 
Bwlmmlng-platas, m 20. 

Bwlna See Pigs. 

Bwozd-Ftah, common, i 273. 
Bword-Flehae, i 273. 

Byanoala. ii 356 

Bycandra raphanus, i 487 (lUust). 
Byllls ramosa, di 330 
Sylvia atricapilla, i 160. 

— cinerea, i 1^ 

— cunruca, i 16a. 

— hortensts, i 160. 

— undata, i 16a 
Byrnhioda, iv 67. 75-76, 17a 
Symmetry, Ulateral, 1 a 1-29, 447, 

450, 45a: ni 93-94* (93-94* 

— radial, i 23, 450, 451, 452, 466, ui 
Bympathatlc ganglia, 1 53* 
Bympathstlc Byitam, i 50, 53. *nd 

see Nervous System. 

Bymphyla, i 3^, 397* 

Bynagalea plcata, u 3x6. 
Bynallaxla phiyganophlla, ui 464. 
Bynapta, i 464. ui 97 (illust.), 230. 
Bynooryna, id 350 (iiiust.). 
Byngamua traohealla, iv 362. 
Byngnatha, i 396. See also Centi* 
pedes. 

Byngnathna aoni, i *77. >** 4*7* 
Bynotos barhaatallna, i 8a. 
Byrlnz, i X49. *75* 

Byrittua piplang, ii 119. 

^m lnm alnoo, i 165. 

Byrphna, ii 916: iii 401. 

— bakeatus, ii 119; ni 40a. 

— Pyrasiri, ui 40a. (aBo^ 

SyxThaptaa paradsina, i s68: u 


T 

Tabairoa kovla, i 3|B ; u 119. i*a 
Tadiyaraa dnaraoB, id 60. 
Thama Orgaiia Sn Touch, organs 
of. 

, Tkdoma oonrata. i 177 : 58. 

Tadp ol aa, 1 69-63; U 192-194 (Uiust). 
457-458: iii 4. 45-46 (Uiust), 434-436. 
437. 438-439 (»U“«*). 440, 44*. 44a, 
443. 493* 

Tmia coenums, iv 361, 36*. 

— echinococciis, iv 349-343 (illust). 
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‘AteU iComt.) 

— ^ginau, >v 34a. 

— iwigu, iv 36a. 

— soliom, i 441-443: »»4» 

fIgflUUl, ui 386. 

Till (ace also Tail>6n}: USi 4^1 47- 

amphibians, i 338, 345, 350, 354, iii 4, 

— ascidians, iii 38-39. (398, 301, 303 

— birds, i 183, 186. iii 364, 366, 396, 

— mammaU, i 7^, 77i 78; ii» 70i 7'* 7*1 
73. 74. 76, 77. 83, 84, 85, 159, 188- 
190, a3</-a40 (illuiL), 343, 344, 347- 
348, 351, 353. *55 (diusl.), 256, 257, 
258, 259, 260, 282, 283, 186, 479-480: 

IV 140, 328-229. 

— reptiles, 1 194, 334, 11 37*: 50. 5*- 

5*. 53-54, 56, *««. *70. *7*. 308, 309. 

Tall-coverts. « mi: m 297- 

TfeU-ftn. of amphibians, i 246, lii 45, 
46, 44a, 443. 

— crusuce.'tiis. i 408-409, iii 27; iv 36. 

— fishes, 1 258, 264, 371, II 450; iii 40- 

— lancclet, i B94. [4*. *8a, 388-289. 

— mammals, aquatic, 1 98, 100. 

— round-mouths (cyclostomata], i 291. 

— See also P'ins, caudal [lii 30. 

Tall-rodl, of insects, n 465-466, 467 . 
TtU-lhtold. UI 311-213. [.illust 1. 
Tailor -Bila, Irdian, ui 459, 460 

TiIegilluB Lathami iu 43*-45*- 
TalltruB locoita. i 4 m. 4*5, “ *4*. 

404, III 1 74-* 75- 

TaioroheiUa, ii m** 

Talpa Earop«a, i 86; ii 36, in 200- 
203 , 484-485. (256- 

Tamandua tatnulactyla, m 255- 
Tamlai Btrlata. i 126. 

Tanaffra clUBrophyllata, i 364- 
Tanrea See Tenrec. 

TkntaliiB loculator, li ss- 
Taonlui absrulcola. iv 444- 
Tape-Worm (and see Tape-Worms,. 

— beef, iv 34a. 

— broad, IV 34a 

— common, 1 441-443 (illust }, iv 304. 

— fish, IV 704. 

— simple, IV 203-204 'illust.}. 

Tapo-Worma. i 44»-443. >• «5«. ‘v 

203-205 (illust.), 342-343, 361-362. 
Tapir. Brazilian, i 105 (illust.), iii 487 
(illust , 4S8 

— Malayan, ui 13S (illust.), 488. 
Tapln. I 14. 15 *05. ii *66, 321, III 

117-138,488. (488. 

TaplrUB Americanus, i 105; iii 487, 

— Indicus, ill 138, 488. 

Tarantula, li 130. m 168, iv 341. 
Tardlgrada. i 387, 394. 

Tarentola Uaurltanlca, i 221: ii 
Tarpon, iv 381. [319: iv 391. 

TanipM roiteMua. ii 18 1 - 1 83 . IV 89. 
Tanlui Bpoctnuii, i 80, ii 319, 330; 

lii 344 

“Tano-matatanuo". i 146. ui 126. 
Tariua, amphibians, i 241. 35a, 253. 

— birds, i 145-146; iii ia6. 

— insects, i 344. 

— mammals, i 33 ; and see Ankle. 

~ reptiles, i 197, 198, 199, 304, S07. 
Taaidl-ndlB, i 384; in 377. 

Tktfte. organs and sense of, i 54-55, 

56, iv 34, 29-30, 403. 

— amphil^ns, iv 29-301 

— annelids, iv 39. 

— birds, iv 39-30. 

— fishes, iv 39- JO. 

— insects, iv 39 (illust). 


TUte (Cfiut.) flillust). 

— mammals, t 54-55 ^illust). iv 39-30 

— molluscs, Iv 29. 

— reptiles, iy 29-30. 

Taata-badi, i 55: tv 29-30 (illust.). 
TUto-celli, 1 55. 

Teal, 1 176. ill 58. [141. 

Tealla eraeileoniii. i 476 . ii 289, 
Tear-chamber, of saakes. 1 228 
Teaael, iv 92 (illust.) 

Teata, 1 66, 106: and see Milk-gUnds. 
Teotlbranchi, i 3*4: >* *** jv 

Teeth, 1 *2-13, 37. 

— carnassial, ii 7, 15. 

— evolution of, 1 12-13. 

— amphibian^, 1 253. 

— birds, extinct, u 4s. 296. 

fishes, 1 12-13, •^7. *61, 275, 276, 
2B2, 284, 287, ^£6; 11 84, Co, 88, 89- 
90, 195. .illust 

— mammals, egg-lajing, iv 481-482 
fiesh-raliiig, i 86, 87, 88, 92, 

94, 98. it 6-7 ^illust , 14, 15-16 
(illust. 25. 

gnawing, i 123 illust', 125, 

128, 132, 133, 134. II 174-175. *77. 
178. 

hoofed, i 67, 106, loS, 109. 110, 

III, 113, 120: 11 166 lllllsl , 167- 
168, 171, 332-333 illust , 2J4, 351. 
insect-eating, 11 31-32, lU 246. 

— — — pouched, II 181, 182, 183. 

bats, i 81, 8«; 11 39. 

cetaceans, li 27, 29, 67, 349. 

— — edentatess, t 67, 136. 11 41, 179- 

180. (173 illust 350. 

elephants, i 103-103 illust , u 

lemurs, 11 226. 

man and monkeys, 1 35-36 

(illust.), 67, 71, 76, 78-79, II 6, 2?5, 
348-349; IV m6. 

sea-cows, 1 102 

— molluscs, II 95 96 .'illust'. 

— reptiles, 1 199, 207, 200, 210, 212, 
224, 230, 232, 233, *34. *37. « 

354 - 355 - 

Tefenuta, i 39*. *> **9. *30. 

— civilis, I 392. 

— domestica, i 392. iii 374. 

Teleoitei, i a66, 269-284, u B4-B8. 
»94-*95. 355-357, 388. 447-452. Ill 
41-43, 425-434. iv 128, 263-276, ji; 
318. 

Teleostomi, 1 257, 266-284. See also 
I'eleostci and Ganoids 

‘‘Teleecope Flah”, iv 393 illust '. 
Telflon, 1 403. 

Tench, 1 283. li 448. 

Tendona, i 46; in 262, 299, 300, 301. 
Tennent, iv 396. (33 iiiust ). 

Tenrec. common, i 84 i,illust), 85; li 

— rice-, ii 33. 

Tenreca, i 34-35 (ilh«t). li 33. 
Tenaor muaclee, m 300, 301. 
Tentaclea, of annelids, II 308; ill 360. 

— ascidians, ii 246. (416. iii 24, 97. 

— cchinoderms * 462, 463, 464, ii 364, 

— molluscs, I 307, 410, 311-3**. 3 * 4 , 
337, 328. ui 31, 37, “> 3 . *08-1 1C, 
3iB; iv 38, 56. 

■— zoophytes, i 466, 467, 473, 474, 476, 
477 , 479 . 483. *i * 55 . *56-158, 160, 
416, 417. iii 30 , 89-90. iv 38, 33. 

Tentaculocyata. iv 33 (illiMt.). 
Tenthredinids, ni 3E8. 

Terebella conchlleia, u 339, 409 
Tarebratola, 1 4 j 8- liUust.). 


Teredo navmlia, * 335: iii 4*<*, 4**: 

IV 348. 

Termec UIIkosus, i 37^ ir 124-126. 

— lucifuglis, I 379. iv 123^24. 

— tenuis, IV 356. 

Termite ‘and see Termites): 

— llght-^hunnillg, iv 123-124 (illust;. 

— warnor, iv 124-126 (illust,. 

— 5 ellow-neckcd, iv 122-123. 

TeimlteB, 1 374, 379. *> *1^. *>* *‘ 3 ' 

III 723, 383: iv 16, 120-126, 356. 

Tern, Arctic, i 168. 

— - black, i 168. 

— common, i 168, ni 46) illust). 

~ little, I 168, IV 133 ^illust). 

— roseate, 1 168 

— sandwich, 1 168. 

Tema, 1 168. u 51, m 463, iv 133. 

I Teat, of ascidians, i 797 798, iii 421. 

— of cchinoderms, 1 457-458, 459: li 

1 140 , 41 J. Ill 9 * -93. 95 

Teatacella. n loo. m 413 
Teatudo, Gra.ca, i 312, 11 191, lii 54: 

— n.gnt.i, 1 218. [iv 391-392. 

— ixilypbcnius, 111 447. 

— sulcata, 1 219 (lUust). 

— sumeirci, iv 392. 

Tetrabranchiata, i ',16-317. 
Tetraoeroa, iv 424 
Tetranychua autumuahs, iv 360L 

— - rubcscens, iv 360. 

— tclanus, ii 218, 443, IV 360k 

Tetrao Scuticus, 1 172. 

— letrix, I 172. 

— ulogallus, i 172; u 239. 
Tetrarhynchna, iv 204 illust ). 
Tetrodon, i 278. n 3«^, 334. ‘v 340 
TetUx. i 382. 

Teztnlarla agglutlnana, iv 454. 
Thalamlta natator, ni .>8. 
Thalaaaioola pela«lca, iv 449. 
Thalaaaochelya caretta,ni 55. 
Thalaaaophr^e, li .55-356- 
Thaleaaa, iv los dlust ]. 
Thallophyta, iv 64-65. 
Thelyphonua, i 389. 

Theobald, iv 32s. 

Theory of Evolation, i 12-17. 

also F\olutioii. 

Therldlum nervoauni, m 374 375. 
Theropoda, iv 469. 

Thick-headed Fly, 11 119 (illust./. 
Thigh, 1 24 

'- -bone, i 31-32. 

— -joint, i 31. 

Thomlaidie, lii *68. 

Thomson, Arthur, iv 494. 

Thomaon, Wyviiic, i 7. 

Thorado duct, 1 4* (iHust 'c [368- 
Thoracoitraoa, 1 410-414; id 365- 
Thorax (and see Cephalo-thorax) : 

— arachnids, i 388. 

— birds, i 148 

— crustaceans, i 402, 403-404, 410, 413, 
414, 415, 416, 418, 420, 421. 

— insect*, i 345, 347, 35*. 3S6, 359- 

— mammals, 1 34-25, 42. 

— reptiles, 1 193 '194, 206. 

Thoreau, i 7. iv 153, 408. 
Thomback. .See Ray. 
Thom-headed Worm, i 44*. 449: 

iv 205-206 .illust). 

Thorny Oyatera, u 336. id 409. 
Thread-Oella. .See Nettling organic 
Thread-Worma, i 304, 447-449; d 

222-223: ill 21 . iv 205-206, 343-344, 
453- 
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nrMiMr, i a86i 

ArlpS ccrcaiium, i 355 (illust.). >iai6. 

— mimiusHnui, i 355. > 

flUrOAt pOV^ of birds, iv 150 

— of reptiles, tv 15a (illust.). 

TltfOlll, conmon, or song-, i 159 ; in 

— missel-, i i6ob [457, 45S; iv 96. 

— rack-, hr 9ft. 

TlUrnihl, i 15S-160; ih 185, iv 348. 
Tteunb, of numunals, i 31, 71, 73, 77, 
78, 79, 8(. See also Digits. 

Tbvmto-Jolnt. i 31- 
TtayUcina*. li (tiiusi.), 43. 
TajriaooUo. iv 474. 
njBtiu gland. 1 43- 

Thymus albicora, t 374. 

— pclamys, i 374. 

— thynnus. See Orcyniok tliyiinus. 
Ihjltlld cartibgc, i 47. 

, — giand, i 43. 

TXijmaoptsra, i 351, 355: n 133, 31& 
Thysannra, i 384, 397. 

‘TlUa, amphibians, i 341, 353, 353. 
-buds. See "Tibio-tarMis". 

— uwectt, i 344. 

— mammak, 1 33, 133-124, 125, 137, 
131: lit i34-«35. 14*. M9» »58, >9». 

— reptiles, 1 197. Ij37. *58. 

**Tlhlo-tartai”. 1 144. (46. m 126. 

TldwU, ill 245. 

Tlioiks, i 393: ii 132, iv 19s (illuat.), 360. 

— dog, iv 195. 

— shc^ iv 19a. 

Tlgsr. » 87 ; u 5, 7-9 : Hi 347, 401 . iv 
331-333 (iUust.), 37»-37a* 

— sabre-toothed, iv 474. 

Thmmoni, i 153, 173* » 343> 

Tima ▼vlgarts, i 283. a 448. 

Tima granella, iv 353. 

— pcIlioDclla, i 365. 

TIpvla tdsnosa, i 358; U 119, 215- 
Tlphhda. See Cra^Fliek 
Tit (and sec Tits): 

— Une, i 158. 

— coni-, i 158L 

— crestH, i 158. 

-X great, 1 158. [ 459 - 

— long-tailed, i 158; in adi-sda (illust ), 

— manh, 1 158, 

— penduline, in 459 (ilhist.). 

Tita or nt-mioe, i 157-158 (illust); ii 
60; iv 303 , 338; and see Tit 

Ttttark, i 137- 

Thad (and see Toads): 

<— African, clawed, iii 5a 

— oemmoR, i 350 (Dlust), 355; 5 83, 83 

304: iii 5 «», 438-437. hr 338. ' 

— ho r n e d (Cslifornia). ^ Homed 

^'Tond”. ((illust). 

— horned (Sooth America), ii 305 

— Surinam water-, iu 49, 50 (illust), 
441. 44? (illust). 

Toads (and sec Toad', 349, 355: ii 304- 
30s. 437 : iii 49-50. 438, 440-442 : i» 

— fire-bellied, iv 417. (153, 417. 

— tonguefess, iii 501 

Teddj-Cats, ii I2-I3. (320-331. 

T^Mpbira qaadrlpartata, iii 
ToljpentM trldnctna >i 341-342. 
Tomoptorls, iii 22-33 (dlust). 
TongUO, amphitiians, i 353; ii 83. 

— birds, i 161, 163, iv 39. 

— fishes, i 361, 393. 

— mammals, i 39, 34, 37, 54-55, 120. 
ii 38, 39. 42, 183; IV 39. 

— reptiles, 1 199, 307, 334, 336, 330- 

333. iv 39. I 


Toncns-lhdUs, iv 460 (illust}. 
To8cns"Wonns, i 387, 393 (illust): 
Tops, common, i 385. [iv 19& 

Tonarla, iu 430, 433 (illust). 
TorpSdO, i29a 

— marmorau (marbled tmpedo), i 290; 

ii 90 (illust.), 91, 4i<x 

— nobiliana, i 289 (illust.). 

ToitOllSS (and see Tortoises): 

— European pond-, i 318: iii 54, 133 
(illust), 4^ 

— Cipher, iii 447. 

— Grecian, i 313-316 (illust.); ii 191. 

iii 54: iv 391-392- 

— soft American, 1 334. 

Gangelic, i 331. 

Nilotic, I 320 (illust ), 331 , in 55. 

TortnlSSS (and see Tortoise). 1 aoj, 
313 - 331 . II 71-73, 333, 334, 434: 111 
54-35. 121 - 132 , 448-448. tv xsr, 391- 

— American snapper-, li 72. (392 

— giant, I 31 8, 11 191-193. 

— hinged, ii 334. 

— land and freshwater, i 316, 317-218. 

— side-necked, 1 216, 319. 

— snake-necLed, 11 73 

— soft, isi6, 219-321, 111 51-55 (illiiSt). 
** Tortolss-thell **, i 219. u 73; iv 

395-396. 

Tortrlx vlrldana, i 365. 

Totams gtareolus, i 169. 

— hypoleucus, 1 169, lii 137, 138. 

— ochropus, t 169. 

Toucans, 1 162. H 186-187- 
TOUCh, organs and sense of, i 53 -55 , 

IV 24, 35-39 . and sec Sense Organs, 
Tentacles, Ac. 

— amphibians, iv a8 (iUu.M.). 

— anneiids, 1 438. iv as (illust.), 36, 78. 

— birds, iv a6 (illust^, 37, 39. 

I — cru s tac ean s, i 409. iv aS. 

I — echinoderms, i 454. 

— fishes, iv a8-^ (iltot). 

— insects, i 349-350; iv 26 (illust.), a8 

— mammeds, i 53''54, 55 iv 27 (dlust.), 
moUoscs, t 310; iv ^4, 58. (aS. 

— reptiles, iv 37, [28. 

— zo^ytes, i 466; iv 35 (illust), a6, 
TPuCb-OOrpUsiDlSS, i 53-54 (iUusl.). 

IV a6, 37 (ilhist), a8. 

Trachsa, i 48-47- 

Tl 8 flllSii. ii 434- See also Air-iubcs. 
Traohsal gii^ ii 463. See also 
Gills, of iosecta. 

Tkaohsal tabss, i 348. See also 
Air-iubcs. 

Ttashsata. See CenUpedes, ftc, 
Insects, and Spidcr-like Animals. 

— primiiive. Sec Peripatus. 
nraelilauf draco, u 357. 

— vipera, u 305-306, 357. 

Trachypotfa Irafo, li 282. 
TrachyphylUa Oo^Droyl, i 475 

(illust.) [76 

Ttachyiattnif mgoiuf, i 226, u 

TtaAOpan, scarlet, IV 148-149. 
Trag iiUdm , ( 109, iii 150, 15' 

Tncnlm JaTanlcus, i io>;, ■ m. m 
Trafu, 182. (iv<. IS7 

TransparoilCy, of manne aiiiiii.ils, 
ii 378-379. 

Tranirerfa proceu, 1 194. 251. 

I Tkawllng, iv 263-263 (illust.). 

I TToe-Kangaroot, ii 182. in 257-258 
Tt0e>8]ir«W8. i 83: li 37. 

— Bornean, 183; iu 346-247 (illust.). 
TtamatOda. See Flukes. 


THhonjz Moitterl, iii 61. 
TMooratopi. iv 47a 
TMohtohna rounanu, i 98: Hi 79- 

80: iv 311-313, 394. ((illust). 

Trlohina ipliaUg, iv 343-344 
Trleboojito, u 36a. 

Trlchodootat latus, i 380; iv 356. 
TMohoglouui chlorolopldotoi 
it 191. 

Trldhophada taptUalla, i 385- 
Trlohoauras ▼ulpoculua. Hi 359. 
TrldladM, n 151, 15a. 

Ttloondyla, ii 315. 

TilooiTthua, n 466. 

Trtdacna, u 357, Ui 408. 
TX 1 gger>Flih, iv 305. 
Trlggor-haln, i 471- 
Trigla, i 275, ui 1 15. 

— cucuius, IV 373. 

— gumardus, iv 273. 

— pini, I 275. 

TrllobitM, ii 342; iv 460 (illust), 461. 
Trlmoii, ii 312. 

Trlmerefuruf. iii 272. 

Ttlaga acuminata, i 169^ 

— alptna, i 169. 

— canutus, I 169. 

— minuta, 1 169. 

— stnata, 1 169. 

I — subarquala, 1 169. 

I — Temmincki, 1 169. 

Trloayz ferox, 1 221. 

— Gangeticus, 1 321. 

— truinguis, i 221, iii 55. 

' THpharaa pronuba, iv 35X 
TrlplobUftloa. 1 488, 49»> 49*- 
I Trltoa. See Molge. 

I Trodhamintna coronata, iv 454. 

— nitida, iv 454. 

TrochldJi, i 322. 

Trochlllds, li 191. 

Trochuiiun apifonne, i 363; u 313. 

— crabroniformis,'tf3i3. 
Troclio«p]i«ro«,iii7. 359-380 (dlust), 

384-385, 404-405 (illust), 4ii-4ia 
(dlust), 414, 415 (illust.). 

Troglodytw parriilui, i i6a 
Trogmlda, iu 2681 
TrOffOBM, lii a86. 

TropiO-BlVl, red-beaked, i 183. 
Tropio-Blnis, 1 i8i-i8a; iii 6a. 
TT^ldonotua aatrlx, 1 132. H 78; 
iii 53 , 270. 444-443* 

Trout, common, i aSa; ii 393; iv 375- 
iv 98. I276 (illust ), 379. 

Tnunpot - fralmaloala, Hi 3>9 

(illust). 

TTumpot-Illoll, i 328: U 434: iu 4*4. 
Trunpoton, ii 340-242. 

nnnk, of body, i 95 (illust.). 

— of elephants. See Proboscis. 
TrygoiiddM, i 288-390, H 357: iv 304. 
Trygon pawtlnaca, 1 290, u 357. 
Trypanoioma, iv 349. 

TtetM-Fly, 1 358. H 120 (illust). iv 

190, 239, 241, 349. 

Tuatarai, 1 203, 230-23^ (illiihi.\ ni 
s^, 444 - 'V 47 . 410. 

Tube, dorsal, i 24. 

— ventral, i 34. 

Tube-conetructlon, annelid>, u 25, 
358 (illust.), 339 
-- inseas, II 337 (illust). 

Tube-feet, of erhinoderms, i 451, 453, 
454. 455. 457, 458, 459, 460, 46a, 463, 
464. ii 413 (dlust), 415, 416; ui 90, 
9*1 92. 93 . 95 , 98. 23a. 
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TttbMMiid BIrii (Tublumn i 

153, 183-183. II 53 : mad mam Petrel* 

and Albairo tiw i. [wH. 

tdJtiUuL rlTvldnoB, i 43>: 
KiUponi mwimu i 477; ii 34 >> 417- 

ftelmlartft, i 4<o: u 16a. 

TonieattSi See Aiddiau. 

^pnny, i 274; iv 370-371, 381. 
Tapaia tana, 1 83, 84: iii >48-347. 
Tnpalldia. i 83: iii 346-347. 
Torballazla, 1 44>i 44S-«47: » isi- 
153, 37*. 445-448; iii 7| 3^ 

Tarboi, i 60-61 (Uiiut.), 179 (UIml) : 

ui 433, 431-433 (iUuat*): iv M. 
Turdoa iliacua, i i6a 

— iiieruki, I 139. 

— niiifticiis, I 139, iii 457, 4 S 8 . 

— piUns, I 159 . 

— tofiiiiau, 1 160. 

— vudvonia, i 160. 

Tvkar. I 173; li 339: IV 849-330b 
Tonar, tv 387. 

Tnrnip “Fllaa". Sec Bectlet, aea-. 
Tunutona, \ 169: » 67. 
Tnmt-BliaUa (TunitclU), i 331. 
Tnrtld, ediUe, in 35, 446-447. 

— green, t 3 i 8 , 11 191 . 

— hawk's-bill, I ai8, u 7a (illuit.), 191; 
ill ss. IV 395-396 (illuit.). 

— leathery. See Tuitlea. 

— •''Rg'* ill 55- 

Tnrtlei (and ace Tuitle\ i 303, 212- 
221; II 71-73, 333, 334, 434: UI 54-56, 

446-448 

— leathery, 1 216-217 lit 55, 56. 

ttelor conunoxiU, i 167: ii 185. 
Twika. of maminals (ne aUo Teeth), 

I tea, 109, no, in. ii 348-3sa 

-VlVdlrSIkaUa, 1 3ii» 338-339 (iHiut.): 

ii 347-348. Ill 221-333, 411-413; iv 

taaaar. iv 249- (18, 333. 

jyt#, i 156^ 

IrUaUlihai devastatrix, iv 363. 

— acandcnii, ii 222-223. 
lyiopoda. III 153~>S3- 

^^ tetelton Andenonl, U 334. 

T^OpanlO C.-iviiy, i 57. 

-- membrane, i 57 , 19 X 
Type. «.laoMricalK>n by, i la 
generalized ”, i 193 - 196 . 

— •* theoretical ", i 196. 

Typblonactaa eompraailoav- 

data, ui 443- 

lypUoiiiM naani, iv 443 (Uhut.). 
typlllopida, I 335-338: ii 79 i 339: iii 

313 . ( 31 X 

TypUopa Tarmlovlatla, i 336; iii 

Tyrlaii purple, i 321, iv 397. 
lyrofl^liua fanne, ii 217. 

— siro, i 393; li 443. 


u 

Udonella caUfomm, iv 201. 

(ilOA, I 30, 144, 196, 197, 241, 251, 252; 
111 118, 134, 141, |,,3, 149, ,5a, 158, 
337t *99: 

Ulnart, i 144, 197, 198, 35a. in 209- 
UinlNrella-Blrd, iv 431. (337. 

UadnaU prooeai, 1 145. 187, 206, 
OtafVlata. i 68 See also Mammals, 
booled. 

r- even-toed, i 107-1 ax 

— non-niminating forms, 1 107-109, 

— — ruminants i 109-12X 

— odd^locd, i 104-107. 


IMO. I 3s 8; i 348-349, 335: iii 37, 

Uftpalrad in, i 357. 358. 

Uppar arm, i 34. 

Upper axm-liona. i 39-30: Ui 398 ; 
and see Hnmenix 

Upnpa apopa. i 164. 

Uraatcr rnbena, 1 450-454; u 153. 
Ureier, i 48. lui 90-93: iv 41. 

Uda grylle, i 

— traile, i 1^. iii 66, 453. 

Urinary bladder, i 48. 

UrodkM *• 398. 

Utochorda, I 393. 397-300. See also 
Ascidiaos. 

Urodila, i 345-249. u 456. ui 45, 46- 

49, 2 13-213, 434-436. 

Ultnaaatlx, i aaa. 11 77, aBx 

— acanthiiiurus, u 77. 

— spinipcs, i aax 

Uropeltldg, li 79: tii 211-212. 
Uro^Ua crandia, in an-aix 
Urmllua loriclpea, H 36 . 
Uroatyle, i 351. 

Urotrlobna, U 36. 

Urdda, > 94-95: •« *55->58, 491. and 
see ITrsus. 

— sub-, i 94; iii 347-348. 

Urun, iu 353. (iv 334, 372. 

Umu arcfos, i 95, 327-338 ; ui 155 ; 

— feroR, i 95. 

— bbiaius, it 228: iv 334. 

— Malayanus, ii 227. 

— nuritifnu&, 1 95: 11 19, 137, hi 75-76, 

— omatiis, IV 429. (i 55~>58 . iv 334, 

Uma, i 114: iv 334. (tv 308-408. 
UtHUartan Zoolc^. i 15-16, 18: 

— animal sesihetics, iv 400-408. 

foe«, iv 331-363, 

forms injurious to human 

industries, iv 345, 36^ 

personal enemies, iv 321 - 344 . 

friends, iv 319-334, 335-33a 

pets, iv 383-393. 

products used for decorative pur- 
pose, iv 394-4Qa (jOOw 

— animaU a^ a source of food, iv aii- 

— domestication of animals iv 217- 
260; and vre DomestKatiun. 

■— sporting aoology, iv 364-381. 
Utrkmlaila, iv 73-74, 95. 

V 

Vaodnatlon, iv 79, 32a 
Vbennm (pi. eaeoa), iii 36B-269. 
▼afus nerre, i 53- («• 454, 47*. 

VanelluB crlatatiia, i 169. u 2B6; 
Vaneaaa Atbmu, i 361. 

— cardui, i 361. 

— lo, i 361; ii 215, iv 56. 

— polychloros, i 361. 

- iiriicae, i 361; ii 215, 294. 

Van Bomeren, iii 456, iv 6a 
Varanui grUeus, li 73, 383. 

— Niloticus, I 224: II 73. 

~ pr.-ihinus ii 73- 

— .Salvator, 11 73 in 51-52. 

Variation, iv 4R6. 491-493. 

Varro, iv 348 

VeaeUttve Propagation, i 399; iii 

3'6-333, 43a. See also Development 
and Life-historiex 
Vein, portal, i 41. 

Valna, I 39-41 ; and see Circubtory 

organa. 


Vd«Un.ii 161; iv 450 (iHus:.). 
VaUgeTiiii 406 (illust. ;,4 14, 4 1 5 (ilhut. ). 

veinni, 1 479; iii 406. 

Venona ainna, i aoo, 340, 362. 
Ventral oord. See Nerve-cord. 
Ventral plataa, ui 114. 

Ventral ablelda, i 228: iu iio-iti, 
270-271. 

VeBtrida, i 40. and see Orculatoiy 
organa- 

Venus meroenarla. iv 33> 
Venus*! Flower-Baakst, 1 486, iv 
446 (lliust.). 

Venus'! Fly-trap, iv 69-70 liiiusL). 
Venus’s Girdle. I 483, III 30 (llluSl.;. 

Verifleation of Generalisation, 

*3-4- 

Vennetns, hi 413-414. 

VemeulUna pygnuea, iv 454. 
Verreauz, h 47- 

Vertebns (and see Vertebral column): 

— atlas, I 26-37 (iHust-). 

— chest-, i 37. 

™ loin-, i ^7. 

— neck-, I 36-37, 66, 144. 

— sacral, 1 37 

— Uil, i 37, 144, 186 

Vertebral oolunm, amphibians, i 

339, >51. *s6. 

— birds 144-145. 186 

— fishes, I 260-261, 371. (354. 

— mammals, 1 26-37 (dlust,), 66; ui 

— reptiles, 1 193-194, 314-315, 321-322, 

339-330,337,111110-111. (115. 

Vertebral ossicles, t 45s. ui 114- 
Vortebrates, claHsificaiion and cuen- 
tbi characters, t 60-63. (304. 

— contrasted uith invertebrates, i 302- 

— See also Vertebrates, primitive ; 
Round-mouths (CycloBtoniau;, 
Fishes, Amphibia, Reptiles, Birds, 
and Mammab. 

“ “cold-blooded”, I 191. 

— primitive, i 392-301 , li 97, 243-246; 
ill 38-40, 214-216. See also Ljince- 
let, Asciduns, and Acorn -headed 
Worm. 

Vsiworu, iv 494. [iix 

Vespa crabo, i 374 . h >50-251: ir 

— Crmumica, iv 1 1 1 - 1 u. 

■— Vulgaris, i 373, II 250-231. 

Vfspertllio Bcchsieioi, i 8a. 

— Ebnbentini, i 82. 

— mystacinus, 1 &x 

— Nattereri, i 82. 

VespertUlonUUs. i 82. 

Vedpamco Uisicri, 1 83. 

— noctub, i 82. 

— ptpistrellus, i 83, iii 292-393. 

— serotinus, i 82. 

Vespldtt. Sec Vespa. 

Vlcunla. i 133; ui 153, 348. 

Vidua, iv 431. 

Vlne-Louss, i 353; and see Aphis, 
vine-. (22a; III 31. 

Vinegar- or Paste-Eel, 1 448; li 
Violet, iv 97. [iv 407-408 (ilIuBl.). 
Viper (and see Vipers), Inimcd, h 282; 

— Russell’s, iv 339. 

— water, in 53. 

Vipers (and see Viper), i 33a, 334-335; 
li 80-81; ill 445. 

— “ pit ", i 335. 

— tree-, hi 272. 

Vlpera .'irietans, li 80, iv 33^ 

— Russelli, iv 339. 

Vipsrldm See Vipers. 
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TlMHrml areliei, •mphibians, i 24*. 

— embryo venebretrit, i 6a . li 381 

— fhhca, i 060. fvilliut.), 421. 

VlfOtril emphibiaiM, i 24a. 

embryo veitcbntcs, 1 6e; it 381-312 
(lIIlBL *, 421. 

— primiuve vertebrates, 1 093. 
-fishes, letfa 

VlMtntl taimip, of mollitscs, i 308, 
309. 3*a. 3*3. 3*^ 3*8-3*9. 3a»“3a4. 
3*5, 3*7* 1*59- 

Vlaoind fkitotoii. of fishes, i *58- 
Vlfioa, u n; lit 76. IV 303-304. 

— Am^caa, iii 76, iv 304. 

— European or Russtan, tu 76. iv 303. 

— Sibetiain, Hi 76. 

TMrfiooi InuBOiir, i 58. (iSi. 

VltolBA pfiUnolfia. •' 373: III i8»- 

▼191114 civetta, 1 89: m 157. 

— sibetba, i 8^ (227, iii 156-157. 

▼tWlUte, i 87, 88-91, n 1T-14, 226- 
▼faWfiCha. i 133. ii 17-18 (illuhi.}. 

Voeal diordt, 1 47- 

▼ift^Cari, li 27, 3a, aa9i =30. 3**. 35», 
363; ui 85, 150, 160, 196, 249, 331. 
▼olOlf organs of, birds, 1 147, 149. 

repulea, i 20a. 

▼ifiOl-bOX, i 47* 

▼•la bank-, i lao. 

— field- (common}, i 129; U 177. 

— — (sootheraX H >77: iv 486. 

— • waters, i 128 (illust , 129; iii 73. 
▼«lia i 128-129: iii 73, 483: iv 130, 
▼tfooiDa piUttcma h 119, (34^^ 
▼•hitet, i 321. 

▼llTOX. i 489, 494-495 (UlusL), ii 274; 
>« 334-335 (UlusL). 

▼m BMT, i It. 

▼Mofina i 469. 493-494: ii 4*8; 

« *. 5, ^ 8-9, 319-3*0, 3**. iO* 3*5- 
▼ oiw l i r . u 255. 

▼ttliar monaeliva i 175- 
▼■Itara black, i 175. 

— eagle-, ii 303, 

— ROppel's, i 175 (Ulitst.). 

▼ttltUIW, i 15a, 173-179: ii 69: IV 338. 
— ' American, i 175. 


W 

Vtclall. blue-headed, i 157. 

— grey, 1 157; lii 125 iilkisCl, 457 
(illust.), 458. 

— pied or water, i 157; ii 65. 

— while, i 157. 

yellow, i 157: ii 66 illust . 
WactftlU, i i5fr-*57. II 65-66. lii 185. 
WaMftirfmlE, i 43S-439 .i»u>i.}. 

W 4 UM.i 7 .li. II 40, 189, 284, 309, 
3»», 313, 346, 349. ill »«», *87, *94, 
494; IV 132, 140, 143, i6o* 212, 346, 
409* 4*0, 41*, 4*7. 4*9, 4*3, 4*6, 433, 
478. 494* 

**Wall40i'to Hat**, w 4*4. 4*6. 

WUrai, i 98; ii *4-35, 349: iii 79-80 

(ilhist.\ 492; iv 311-312, 394. 
Walton, Isaak, I'v 364. 

WfiaspUB, Indian, iv 323-3*4 (illust). 

**WaadirtBf 0^". iii 3-4. Sec 
also CcUs. 

WlUdWOOf I 74-75 (illust). 

Wapttt, i III. 

Warldir, blackcap, i ite (illust.). 
Dartford, t 16a 

fiuKaH, iii 439 ^ 4 ^ 


waiUar Cmt.) 

garden, i j6o (lUam.). 

— gfasshopper, i tfi& 

— manh, 1 i6ak 

— reed, 1 160 : ni 458. 

graat. Hi 498 (itliat.X 

— sedge, i 16a 

WarUtn, i t6» (Uhist.} ; iv aom 
WanlO*F)BVlir. w., H 65. See abo 
Mimicry. 

Wanlac eOtomUoii. i *6; U 301: 

iv 58-59. »6o, 408. 

— acom-headcd womw, ii 306k 

— ampkibiaiis, u 304-305. 

~ annelids, H 308. 

— asciduuis, ii 306^ 

— fishes, li 305-306. 

— fiat-worms, ii 308. 

— insects, ii 307-308, 360: Hi 399: iv 59. 

— mammals, 11 301-303. 

— molluscs, 11 306-307. 

— plants, iv 81. 

~ reptUes. it 303-304, 311. 

— sponges, u 309. 

^ soophjtes, ii 308^309, 361. 
WarnblCa, tpuriou::. See Mimicry. 
Wari-Bof. African, iv 373. 
Wart-Eoffi. i 108-109. 

Wasp (and see Wa^): 

— common, i 373: ii 850-251. 

— common sand-, i 373. 

— fly-storing sand-, i 373. 

— mud-, i 374. 

— path-, i 373. 

Waapfi, I t6, 373-374. >* aod, 350-25*. 
307, 358; Hi 3* *-3** (illust.), IV 29- 
30 (illust.), 55-56, 59, 1 1 i-ita (illust. 

— sand', I 373. 119a, 356. 

— solitary^ i 374; iii 191-393. 

Waato-p^oieU, 1 44-46: H 377. ' 

Waato-nmoYlBC organa. Sec 

Breathing organs and Excretory 
organs. 

Wator, (HtO), i 33 . H 270, 271, 273, 
377-380. 38a-383, 4*0: »v 65^, 76. 

Wator-Boatm an, I 354-355. » >*4, 

440: ill 29 (illust). 

Wator-Flaaa, i 4*9, 4**, 4** (iilustV 

466-467 : H 256, 405 ; iii 26 (illust ), 

I 362-363 (lUual.). , 

Wator-’fiiaBa, iH 53- 
Wator-Han. Hi 61. 

— Mortier's, iit 6t. 

WatT^PbOOWml, SceJ^na. 
Wator-Soorploiia. i 354. *• **4, 440- 

441; in 382-383. 

Wator-taatt^ ooian, of moUuscs, 

i 3*0, 333. iv 3«. 

Wator-Taaoolar lyatom, of echim^ 
denns, i 45*/ 457, 458-459, 463 : ii 
412, 4* 4-4*6; lii 91-92, 95-96, 97- 
Watttton, Charles, i 7; ui 239. 
Wataon, Alfred, E. T., iv 364. 
WaZ-SlfUBda. iv 254 (illust.x 
Wtaaol. commMi, i 98: ii 21, 290: iv | 
3s6(Ulust.). I 

WOU^ i 97-9B (inust); H ao-aa;! 
Hi 156; iv 303, 326, 345. ! 

Wantor-Blrda, i 156. 

WobO, of mrarhnids, i 391, 392; ui 374: 

and see Nests. 

Woovor, greater, ii 357. 

— lesser, ii 357. 

WooTor>flalX H 303-306 

WootU (and sea Weevib): 

— appIc-bloHon, iv 354. 

— birch-, iii 394-396 (UhisL): iv 5a 


WOOfU (CeuA) 

— biscait-, iv 355. ((illiNl.X 

— corn-,, i 369 (illuai.}, iv 354-355 

— nut-, i 369: u ail (iUaaCX 

— paa-, iv 334. 

— rice- , i 3^ (illust.). 

Wooolla, i 3^: ii an, 415, 31^; m 
■34. 394-396; Iv so, 354-355. 
Wo l a m a ni i, Hi 319; iv 491, 49a, 493, 
Wolhayoa, J. &, !v 408. [404. 

WOls, i 280 (illust.). 

Wliala (and ace Whales) : 

— ftn-ba^ (or Ron]ual}, ii 19; ui 85. 

— Greenland or northern *' fight", i 
lof : ii 29, 30; iu 491, iv 314-315. 

— killer-, ii 26, 27 (illust.): iu 8y 

— - souths “ right iv 315. 

— sperm- (or Cachalot), U 29; iv 318^ 
317 (illusL), 403. 

— white, Hi 83 (illust.): iv 9*6-317. 
WImUoO (ai^ *00 Whale), i 61, 99-101; 

H 26-30: ui 83-86, 490-491: iv aop- 
3*0, 3*4. 3*7- 

— toothed, U 26-29, IV 316-317. 

— toothless, or whalebone, li a<X 
iv 314-316 

**Whal6bOBO**. I too, MI (illuat.); S 

3D(illuat.); iv 314, 315. 
^^aio-Lonao, 1415 (iiiust); H t4> 
Whitaor, i t6o: ni 185 (illuiL}{ iv 
*33. 

Whoat-BOlworm, ii 222-223 (innat). 
Wbool-Anlmaleulaa, i 304, 434-4SS. 
ii 261-263, 410, Hi 100-101. 

Wbool-organ, i 434. 435: H 4*<t 

WbOUl, common, I 321 ^illust.); u 90, 
97, 394-395. w» 4*3, 413 (illi»t), iv 

— dog-, iv 346 [346 

WlMWOU,! II. 

Whlmbral, i 169. 

Wliinoimt, i 160. iv 
WlUp-poor-WUl, ii 56 
Whi^Beorplona, 1 387. 389 (illust); 

ii 125-126, 443, III 169 (illust.j. 
"Wlllakora’', of mammals, iv 28. 
White, Gilbert, 16; iii 380, 466, 

471, 483; iv 319. 

WllltO-**AnU”. SeeTeimhes. 

'*W&itobolt''. IV 964 

Wlltio nuMOTpOf spi.ial cord, 1 50-51. 

WbitoUiroot, 1 160 ,iiiust). 

— lesser, i 160 (illust. K 
WhltUif, i 279: li 283; IV 200, 267. 

Whoopor, i 177. 

WlljtUll FUiCllOS, iv 421. 
WldnOB, • >76. ill 58. 
Wlodonliotxn. iii nS. 

WUdobM^ i IIB. 

WUtoy, ill 110, 214, 41& 

WUlOWI, iv 89, 92. 

WllfiOO, E. B., iv 494. 

WUoon, Gregg, Hi 476 

WtautboTori i 174. 

WIndplpo (and sec Breathing'ovgaB}: 

— Mrds, i 147; ii 4*7- 

— mammals, i 46-47 (illust.). 
W|^-OOfOn, beetles, i 366; a 515; 

Hi 313. 3»4- 

— insects, straight-winged, i 345, 3fi& 
WtaE-oormta, of birds, i 143, 178; 

Wlngi:— Cm 097. 

— bats, i 8t; ifi a9*-394. 

— birds: 

— •— game, Hi 3oes 

— — perching, i 153, 155, tffi, 158, 
ifio, t6i; Hi ap3, 304. 

— — picaimp, i 163; iii 304. 
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Wlngl (Cont ) 

— bifds ) 

ruiining, i iB8, 189, 190. iii 130- 

13a. [66. 

— auk% divers and grebes, 1 184; ui 
eaglni and vultures, 1 174, 175. 

ij‘ 305. 306. 

gulls, iu 304, 305, 308. 

■ - - herons and storks, i 178, 179, 180: 
111307 Ii8i;iii307. 

— --pelkans and cormorants, t 180, 
penguins, i 186; iii 67- 

petrels and albatrosses, i 183 

pigeons and sand-grouse, i 140- 

Mi. » 45 . 167. >« 304. 305- 

plovers, t i68. iii J03. 

rails, i 171. 

structure and action of, 1 1 40-143, 

14s. iii 295-29^, j<)6 jgq, 300-301 

— insects' [(illiist ), jta 308. 

— frnige-wiiiged, 1 351, 35s 

— — niciiibranc winged, 1 i«;i, 369- 

370 111 28-29, !•* (illiisi.), J12, JI3 
^.llust ), iv 114. 

nel-win^ed, i 35’. J71. *7^* 379- 

III }i I - )]3 (illiist .IV I /I 

— straiglit-uiiigcd, ^45, 3S«, 

— -- Seelies, i 451, ih6, lii 31 i. iv nj'*. 

— , ' «i <s' 

- - flies, tMTU-wuigcd, I 3SI. 3SS. m 
311, iv 190. 

— moths and biiitei flies, 1 ,51, 

359 filliisL), ;0i t6s. Ill III vit 
(illust 

— evolution of, lii ji4-Us- 

— - modiftc.itioiiuf, III {14 lilliist. . 
structure and .n lion of, in njg 

312 (illust ). 

— reptiles, iii 287, joS 
Wing-ShallB, I VI illtist ; III 107, 

180, 181 ,illusl.) 

•‘Wlre-WormB”, n an. m 324. iv ' 
V4 

WlSBman, Major von, iv >40, 

Wolf ind sec Wol.es' ( 171 

common, 1 yi. iv \(n), J70 (illust), 
pr iirii', I 93. 

I ismainan, 11 3^2. 

Wolves, I 93: » <5 « 7 . IV 134. 334 . 
/s) 17 -’- 

WoUT, faspar Fricdrnh, in 336 
Wolf-Fiab, I iTi. 11 86 
Wolverene. See (3luuoii. 

Wombat, 1 6) ^illust.), n 183 (dlnst.', 
111 480. 

•'Wonder-nets", li 430. 

Wood. J CJ., II 371. IV 117. 
Wood-borer, I.arge, 1 371 (illust.) ; li 
203, 111 386-3B7 (illust.). 
Wood-borers, or Wood-Wasps, i 370 
J7I, II J03. ill 386-387. IV 19s, 355- 
Woodcock, I 169. li 68 (illust.}. 
Woodlark, ■ 15^ 


Wood-Lcmsi, i 4>s (illust.); li 22a: 
and see Wo<^-l jce. 

-piU. U 143, 222 , 342. 

— water, ii 143, 222, 405. 

W00d*Lt0e, I 41s. *• a-ti, 343, 405, 

444. Ill 36S; and see Wood f.ouse. 
Woodpsdkor (and see Woodpe. kers) 

— great spotted, i 162, ii 58. 

— green, 1 161 ; iii 263 (illust ). 

— lesser-apotted, i 162. 
Woodpe^ers, i 161-162. ii 58. 187, 

370, IU 264-265, 454. IV 347. 

- three-toed, lii 264-265. 

Woodward, Smith, iv 471. 
Wood-Wasps. Sec Wood borers. 
"Wool", of slicep, &c , IV 227, 228 
229 (illust.), 230, 232. 

“Wo^ly bears”, i 360: and see 
Caterpillars. 

"Worm-castliigt”, i 430. » ->57. 

259: lii 226, 230. 

"Worms." See Annelida, Earth- 
Worms, F lat - Worms, Thread- 
Worms, Itc 

Wrack, ii 198. 

Wrasse, Uallan, 1 276. 

Wrasses, i 276. ii 86 

Wren, common, I 160, 161. 

- Iire-crestcd, i i6o (illiisl ). 
gulden-crested, i i6u Mliist.). 

- willow, i i6ol 
wuo<l, i 160. 

Wrens, i i6o-i6t. ih i8s. 
Wrist-bones, i jo-ir. ni 299, and 
see Radule and Ulnaie. 
Wunderllcta, iii 49-^« 

Wuyehuebol, m 71 (Illust.). 


X 

Xantbopton semlcrocea., iv 7 \ 
Xenopbon, iv 375 . 

Xenopborus. ii 287, jB 8 (illust ) 
Xenopns Invls. m so. 

Xenos. IV 192 
Xipblas gladius i 27 V 
Xlpbooera aslna. n 782 
Xlpbosura, i 34 1. 422-473. ii >44- 

I IS, 4 .. 6 - 407 . Ill 369 . f 391 . 

Xylocopa vlolaoea. i 374 • lii 


Y 


Tak, i 1143 >v 

"Yellow cells" iv 76, 77 

Yellow-tuuniner, i 156 iiinsi.}. 

Ysw. IV 8<x 

Yolk See Food-yolk 

Ydlk-sao. iU 425. 43*1 43*- 


Yonng (nee alio Larvx'. 

— amphibians. See I'adpolefl, lATvae, 

— annelids, iii 358, 361. (ftc. 

— arachnids, i 392. iii 373-37*'- 

- birds, 1 151-152, 153, 158, 161, 163, 
165, r60, 167, its, 170, 172, 176, 189: 

11 285-286 illust. ]. Ill 448, 449, 450, 
452, 460 (illust ), 466-474 (illust.). iv 
186, 187 I illust ). 

— care of^, See Protection. 

— crustaceans, 111 363, 365, 367-368- 

and see I^arvae. '•*' 

— echinoderiiis, iii 355. and see I Jirvae. 

- Ashes, III 431 -434. 

— insects. See Larvae, Nymphs, and 
Caterpillars 

— mamm.-ils, 1 65, 68-69; » 430"43* ^ 
in 477 (illust.), 478 4S0 (illuht.), 481 
(illust I, 482-494, IV 312 -313. 

— niyriapodh, 111 372. 

- reptiles, i 209. iii 443-445, 447- 

Yung, iv 403. 

Ynngla aurantlaca. li 308- 

z 

Zamenis constrictor. III 270V 

— miuosiis, IV v8- 

Zapus HudsonianuB, lii 194-195. 

Zebra, llurclicH ',, 1 107 . iv 235 
'l||llst.\ 241. 

Zebras, 1 107. iv 140, 235 'illust.', 139. 

Zebra-mules, iv 2^9-241 (illust.). 
Zebra Bbark, 1 286 

Zebu, 1 114, IV 225 (illust }. 

Zeus Caber, 1 273-274, iv 272. 

Zosea, ui 27-28 (ill'ist.), 366-367 

Zoold, i 436, 437. [(iUusl). 

Zoology, 1 5> 

— KBthetic. See iEsthetic Zoology. 

— economic Sec Economic Zoology. 

— in Middle Ages, i 9. 

— of sport, bee Sporting Zoology. 
philosophicaL See Philosophical 
Zo<*logy 

uiilit.in.ni. See Utilitarian Zoology. 
wa>s of studying, 1 5-17. 

Zoophytes, I 304, 436, 465-483: ii 
I .,-163, 271-272, 308-309, 340-341, 
^oi, 416-418; in 17-20, 89-90, 327- 
328, 339-341, 349-353. 'V 5-7i »5, a6, 
33-34. 101-104, 44«>-44*, 449-450'. 
45J-454. 458-459, 464- 

— extinct, iv 458-459. 

— hydruid, i 465-473. 478-483 (illust.); 
li 160-162 (illust.), 340-341 ; ill 327, 
328, 350-352; iv 102-104. 

Zoospores, ii 273. 

Zootoca vtvlpara, i 225. 446. 

Zostera, iii 369. 

Zygsena malleus, i 285-286. 

^gaukldte. III 4c*3. 
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